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Officers  of  the  Pittsburg  Meeting. 

PRESIDENT. 

Asaph  Hall,  U.  S.  N.,  South  Norfolk,  Conn. 

VICE-PRESIDENTS. 

A.  Mathematics  and  Astronomy— G.   \V.    Hough,    Northwestern    Uni- 

versity, Evanston,  111. 

B.  Physics— W.  S.  Franklin,   Lehigh   University,  South  Bethlehem, 

Pa. 

C.  Chemistry— H.  A.  Weber,  Ohio  State  University,  Columbus,  Ohio. 

D.  Mechanical  Science  and  Engineering — J.  J.  Flather,    University 

of  Minnesota,  Minneapolis,  Minn. 

E.  Geology  and  Geography— O.  A.  Derby,  Sao  Paulo,  Brazil. 

F.  Zoology— C.  C.  Nutting,  Iowa  State  University,  Iowa  City,  Iowa. 

G.  Botany — D.  H.  Campbell,  Stanford  University,  Cal. 

H.     Anthropology — Stewart  Culin,  University  of  Pennsylvania,  Phil- 
adelphia, Pa. 

I.       Social  and   Economic  Science — Carroll    D.    Wright,    Commis- 
sioner of  Labor,  Washington,  D.  C. 

K.     Physiology  and  Experimental   Medicine — W.    H.    Welch.    Johns 
Hopkins  University,  Baltimore,  Md. 

PERMANENT  SECRETARY. 
L.  0.  Howard,  Cosmos  Club,  Washington,  D.  C. 

GENERAL  SECRETARY. 

D.  T.  MacDougal,  New  York  Botanical  Gardens,  Bronx   Park, 
New  York,  N.  Y. 

SECRETARY  OF  THE  COUNCIL. 

II.  R.  Ward,  University  of  Nebraska,  Lincoln,  Neb. 

(5) 


OFFICERS    OF    THE    PITTSBURG     MEETING. 


SECRETARIES  OF  THE  SECTIONS. 

A.  Mathematics    and    Astronomy  — E.    S.    Crawley,     University  of 

Pennsylvania,    Philadelphia,  Pa. 

B.  Physics — E.  F.  Nichols.  Dartmouth  College,  Hanover,  N.  H. 

C.  Chemistry — F.  C.  Phillips,  Western  University,  Allegheny,  Pa. 

D.  Mechanical  Science  and  Engineering — C.  A.  Waldo,  Purdue  Uni- 

versity, Lafayette,  Ind. 

E.  Geology  and   Geography— F.    P.    Gulliver,    St.    Mark's   School, 

Southboro.  Mass. 

F.  Zoology — C.  W.  Stiles,  U.  S.  Dept.  of  Agriculture,  Washington, 

D.  C. 

G.  Botany — H.  von  Schrenk,  Shaw  School  of  Botany,  St.  Louis,  Mo. 

H.     Anthropology — Harlan  I.  Smith,  American  Museum  of   Natural 
History,  New  York. 

I.       Social   and   Economic    Science— F.    R.    Rutter,    U.   S.  Dept.  of 
Agriculture,  Washington,  D.  C. 

K.     Physiology    and    Experimental   Medicine— F.    S.    Lee,    Columbia 
University.  New  York,  N.  Y. 

TREASURER. 

R.  S.  Woodward,  Columbia  University,  New  York,  N.  Y. 


ASSISTANT  SECRETARY. 
Richard  S.  Clifton,  Washington,  D.  C 
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Members  of  Council  of  the  Pittsburg  Meeting. 


Past  Presidents. — Simon  Newcomb,  Washington;  George  P. 
Barker,  Philadelphia;  George  J.  Brush,  New  Haven;  C.  A. 
Young,  Princeton;  J.  P.  Lesley,  Milton;  Edward  S.  Morse, 
Salem;  Samuel  P.  Langley,  Washington;  J.  W.  Powell,  Wash- 
ington; T.  C.  Mendenhall,  Worcester;  George  L.  Goodale, 
Cambridge;  Albert  B.  Prescott,  Ann  Arbor;  William  Hark- 
ness,  Washington;  Edward  W.  Morley,  Cleveland;  Theodore 
Gill,  Washington;  Wtolcott  Gibbs,  Newport;  F.  W.  Putnam, 
Cambridge;  G.  K.  Gilbert,  Washington;  R.  S.  Woodward,  New 
York;   C.   S.   Minot,   Boston. 

Vice-Presidents  of  the  New  York  Meeting. — -Asaph  Hall,  Jr., 
Ann  Arbor;  Ernest  Merritt,  Ithaca;  James  Lewis  Howe,  Lex- 
ington; John  A.  Brashear,  Allegheny;  James  Furman  Kemp, 
New  York;  C.  B.  Davenport,  Chicago;"WM.  Trelease,  St.  Louis; 
Amos  W.  Butler,  Indianapolis;  Calvin  M.  Woodward,  St.  Louis. 

Vice-Presidents  of  the  Denver  Meeting. — James  McMahon, 
Ithaca;  D.  B.  Brace,  Lincoln;  John  H.  Long,  Chicago;  H.  S. 
Jacoby,  Ithaca;  C.  R.  Van  Hise,  Madison;  D.  S.  Jordan,  Stan- 
ford University;  B.  T.  Galloway, Washington;  J.  Walter  Fewkes, 
Washington;  John    Hyde,    Washington. 

Officers  of  the  Pittsburg  Meeting. — -Asaph  Hall,  South  Norfolk 
G.  W.  Hough,  Evanston;  W.  S.  Franklin,  South  Bethlehem 
H.  A.  Weber,  Columbus;  J.  J.  Flather,  Minneapolis;  O.  A.  Derby 
Sao  Paulo;  C.  C.  Nutting,  Iowa  City;  D.  H.  Campbell,  Stanford 
Stewart  Culin,  Philadelphia;  Carroll  D.  Wright,  Washington 
W.  H.  Welch,  Baltimore;  L.  O.  Howard,  Washington;  D.  T 
MacDougal,  New  York;  H.  B.  Ward,  Lincoln;  E.  S.  Crawley 
Philadelphia;  E.  F.  Nichols,  Hanover;  F.  C.  Phillips,  Allegheny 
C.  A.  Waldo,  Lafayette;  F.  P.  Gulliver,  Southboro;  C.  W.  Stiles 
Washington;  H.  von  Schrenk,  St.  Louis;  H.  I.  Smith,  New  York 
F.  R.  Rutter,  Washington;  F.  S.  Lee,  New  York. 

From  the  Association  at  Large. — To  hold  over  until  successors  are 
elected.  A  Fellow  from  each  Section:  Mansfield  Merriman, 
South  Bethlehem;  H.  S.  Carhart,  Ann  Arbor;  W.  D.  Bancroft, 
Ithaca;  Thomas  Gray,  Terre  Haute;  I.  C.  White,  Morgantown; 
W.  J.  Holland,  Pittsburg;  S.  M.  Tracy,  Biloxi;  W  J  McGee, 
Washington;  W.  R.  Lazenby,  Columbus;  J.  McK.  Cattell,  New 
York. 

From  the  Affiliated  Societies. — American  Chemical  Society:  F.  W. 
Clarke,  A.  C.  Hale;  Geological  Society  of  America:  N.  H.  Win- 
chell,  H.  L.  Fairchild;  Botanical  Society  of  America:  Arthur 
Hollick,  H.  M.  Richards;  Society  for  the  Promotion  of  Agri- 
cultural Science:  W.  J.  Beal,  H.  E.  Alvord;  American  Microscop- 
ical Society:  J.  C.  Smith,  A.  M.  Holmes;  American  Psychological 
Association:  E.  C.  Sanford;  American  Society  of  Naturalists: 
W.  T.  Sedgwick;  Association  of  Economic  Entomologists:  A.  D. 
Hopkins,  C.  L.  Marlatt;  American  Anthropological  Association: 
W.  H.  Holmes,  Franz  Boas. 
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Local  Committees  of  the  Pittsburg  Meeting. * 

HONORARY   PRESIDENT. 

George  Westinghouse,  Jr. 

HONORARY  VICE-PRESIDENTS. 

(See  Preliminary  Announcement.) 

EXECUTIVE  COMMITTEE. 

W.  J.  Holland,  Chairman. 
Emil  Swensson,  Vice-Chairman. 
George  A.  Wardlaw,  Secretary. 
John   B.  Jackson,  Treasurer. 

FINANCE  COMMITTEE. 

John  B.  Jackson,  Chairman  and  Treasurer. 
H.  Kirke  Porter,  Vice-Chairman. 

COMMITTEE  FOR  THE  RECEPTION  AND  ENTERTAINMENT 
OF  VISITING  LADIES. 

Miss  Julia   Morgan  Harding,  Chairman. 
Miss  Mary  L.  Jackson,  Vice-Chairman. 

RECEPTION  AND  ENTERTAINMENT  COMMITTEE. 

W.  N.  Frew,  Chairman. 

George  A.  Macbeth,  Vice-Chairman. 

COMMITTEE  ON  ACCOMMODATIONS,   HOTELS,  &c. 

R.  D.  McGonnigle,  Chairman. 
W.  J.  Diehl,  Vice-Chairman. 

COMMITTEE  ON   ROOM,  HALLS  AND  EQUIPMENT. 

C.  R.  Cunningham,  Chairman. 

COMMITTEE  ON  EXCURSIONS. 

Charles  F.  Scott,  Chairman. 
E.  B.  Taylor,  Vice-Chairman. 


*  For  full  membership  of  local  committee,  see  the  Preliminary  Announcement  of  the  Pittsburg 
meeting. 
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LOCAL    COMMITTEES     FOR    THE     PITTSBURG     MEETING. 

COMMITTEE   ON  TRANSPORTATION. 

Samuel  Moody,  Chairman. 
Samuel  Moody — A.  G.  P.  A..  Pennsylvania  Lines 
L.  A.  Robinson— G.  P.  A..  P.  &  L.  E.  R.R. 
E.  D.  Smith— D.  P.  A.,  B.  &  O.  R.R. 
C.  W.  Bassett— A.  G.  P.  A..  P.  &  W.  R.R. 
James  P.  Anderson— Buffalo  Division,  P.  R.R. 
Thos.  E.  Watt— D.  P.  A.,  P.  R.R. 
C.  O'D.  Pascault— D.  P.  A.,  B.  R.  P.  R.R. 

COMMITTEE  ON   PRESS  AND   PRINTING. 

Rev.  P.  A.  McDermott,  Chairman. 
George  H.  Wilson,  Vice-Chairman. 
George  A.  Wardlaw,  Secretary. 
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Officers  for  the  Washington  Meeting. 


PRESIDENT 
Iua   Remsen,  Johns  Hopkins  University,  Baltimore,  Md. 

VICE-PRESIDENTS. 

A.  Mathematics    and    Astronomy — George    Bruce    Halsted,    Uni- 

versity of  Texas,  Austin,  Texas. 

B.  Physics — Erxest  Fox  Nichols,  Dartmouth  College.  Hanover, 

N.  H. 

C.  Chemistry — Charles  Baskerville,  University  of    North  Caro- 

lina, Chapel  Hill,  N.  C. 

D.  Mechanical    Science    and    Engineering— Clarence    A.    Waldo, 

Purdue  University,  Lafayette,  Ind. 

E.  Geology   and   Geography — Wm.    Morris     Davis,    Harvard   Uni- 

versity, Cambridge,  Mass. 

F.  Zoology — Charles  W.  Hargitt,  Syracuse  University,  Syracuse, 

N.  Y. 

G.  Botany — Frederick  V.  Coville,  U.  S.  Department  Agriculture, 

Washington,  D.   C. 

H.     Anthropology — George   A.  Dorse y,  Field  Columbian  Museum. 
Chicago,  111. 

I.      Social   and    Economic  Science — H.  T.  NewCOMB,  care    of   "   Rail- 
way World,"  Philadelphia,  Pa. 

K.     Physiology    and    Experimental  Medicine — W.    H.    Welch,   Johns 
Hopkins  University,  Baltimore,  Md. 

PERMANENT  SECRETARY. 
L.  O.  Howard,  Cosmos  Club,  Washington,  D.  C. 

GENERAL  SECRETARY. 
II.  B.  Ward,  University  of  Nebraska,  Lincoln,  Neb. 

SECRETARY   OF  THE  COUNCIL. 

Ch.  Wardell  Stiles,  Washington,  D.  C. 
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OFFICERS     FOR    THE     WASHINGTON     MEETING. 

SECRETARIES  OF   THE  SECTIONS. 

A.  Mathematics  and  Astronomy — Charles   S.    Howe,  Case   School, 

Cleveland.  Ohio. 

B.  Physics  —  Dayton  C.  Miller,  Case  School,  Cleveland,  Ohio. 

C.  Chemistry— Henry  N.  Stokes,  U.   S.   Geological  Survey,  Wash- 

ington, D.  C. 

D.  Mechanical  Science  and  Engineering — Albert  Kingsbury,  Poly- 

technic Institute,  Worcester,  Mass. 

E.  Geology — Edmund    O.     Hovey,     American      Museum     Natural 

History,  New  York,  N.  Y. 

F.  Zoology — C.  Judson  Herrick,  Dennison  University,   Granville, 

Ohio. 

G.  Botany — Charles    J.    Chamberlain,    University    of    Chicago, 

Chicago,  111. 

H.     Anthropology — Roland     B.    Dixon.    Peabody     Museum,     Cam- 
bridge, Mass. 

I.      Social  and  Economic  Science — Frank    H.    Hitchcock,   U.  S.  De- 
partment Agriculture,  Washington,  D.  C. 

K.     Physiology  and  Experimental  Medicine — Frederic    S.    Lee,    Co- 
lumbia University,  New  York,  N.  Y. 

TREASURER. 
R.  S.  Woodward,  Columbia  University,  New  York,  N.  Y. 


ASSISTANT  SECRETARY. 
Richard  S.  Clifton,  Washington,  1).  C. 


Members  of  Council  for  the  Washington  Meeting. 


Past  Presidents. — -Simon  Newcomb.  Washington;  George  F. 
Barker.  Philadelphia;  George  J.  Brush,  New  Haven;  C.  A. 
YOUNG,  Princeton;  J.  P.  Lesley.  Milton;  Edward  S.  Morse, 
Salem;  Samuel  P.  Langley,  Washington;  T.  C.  Mendenhall, 
Worcester;  George  L.  Goodale,  Cambridge;  Albert  B.  Pres- 
cott.  Ann  Arbor;  William  Harkxess,  Washington;  Edward 
\V.  Morley,  Cleveland;  Theodore  Gill,  Washington;  Wolcott 
Gibbs,  Newport;  F.  W.  Putnam,  Cambridge;  G.  K.  Gilbert, 
Washington;  R.  S.  Woodward,  New  York;  C.  S.  Minot,  Boston; 
Asaph  Hall,  South  Norfolk. 

Vice-Presidents  of  the  Denver  Meeting. — -James  McMahon, 
Ithaca;  D.  B.  Brace,  Lincoln;  John  H.  Long,  Chicago;  H.  S. 
I  acoby,  Ithaca;  C.  R.  Van  Hise,  Madison;  D.  S.  Jordan,  Stan- 
ford University;  B.  T.  Galloway,  Washington;  J.  Walter 
Fewkes,  Washington;    John    Hyde,    Washington. 

Vice-Presidents  of  the  Pittsburg  Meeting. — G.  W.  Hough,  Evan- 
ston;  W.  S.  Franklin,  South  Bethlehem;  H.  A.  Weber,  Columbus; 
[.  J.  Flather,  Minneapolis;  O.  A.  Derby,  Sao  Paulo;  C.  C.  Nutt- 
ing, Iowa  City;  D.  H.  Campbell,  Stanford;  Stewart  Culin, 
Philadelphia;  Carroll  D.  Wright,  Washington;  W.  H.  Welch, 
Baltimore. 

Officers  for  the  Washington  Meeting. — Ira  Remsen,  Baltimore; 
George  Bruce  Halsted,  Austin;  E.  F.  Nichols,  Hanover; 
Charles  Baskerville,  Chapel  Hill;  C.  A.  Waldo,  Lafayette; 
Wm.  M.  Davis,  Cambridge;  C.  W.  Hargitt,  Syracuse;  F.  V.  Co- 
ville,  Washington;  Geo.  A.  Dorsey,  Chicago;  H.  T.  Newcomb, 
Philadelphia;  W.  H.  Welch,  Baltimore;  L.  O.  Howard,  Wash- 
ington; H.  B.  Ward,  Lincoln;  C.  W.  Stiles,  Washington;  C.  S. 
Howe,  Cleveland;  D.  C.  Miller,  Cleveland;  H.  N.  Stokes,  Wash- 
ington; Albert  Kingsbury,  Worcester;  E.  O.  Hovey,  New  York; 
C.  Judson  Herrick,  Dennison;  C.  J.  Chamberlain,  Chicago; 
R.  B.  Dixon,  Cambridge;  F.  H.  Hitchcock,  Washington;  F.  S. 
Lee,   New  York. 

From  the  Association  at  Large. — -To  hold  over  until  successors 
are  elected.  A  Fellow  from  each  Section:  Mansfield  Merriman, 
South  Bethlehem;  H.  S.  Carhart,  Ann  Arbor;  W.  D.  Bancroft, 
Ithaca;  Thomas  Gray,  Terre  Haute;  I.  C.  White,  Morgantown; 
W.  J.  Holland,  Pittsburg;  S.  M.  Tracy,  Biloxi;  W  J  McGee, 
Washington;  W.  R.  Lazenby,  Columbus;  J.  McK.  Cattell,  New 
York. 

From  the  Affiliated  Societies. — American  Chemical  Society:  F.  W. 
Clarke,  A.  C.  Hale;  Geological  Society  of  America:  N.  H.  Win- 
chell,  H.  L.  Fairchild;  Botanical  Society  of  America:  Arthur 
Hollick,  H.  M.  Richards;  Society  for  the  Promotion  of  Agri- 
cultural Science:  W.  J.  Beal,  H.  E.  Alvord;  American  Microscop- 
ical Society:  J.  C.  Smith,  A.  M.  Holmes;  American  Psychological 
Association:  E.  C.  Sanford;  American  Society  of  Naturalists: 
W.  T.  Sedgwick;  Association  of  Economic  Entomologists:  A.  D. 
Hopkins,  C.  L.  Marlatt;  American  Anthropological  Association: 
W.   H.   Holmes,   Franz   Boas. 
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Special  Committees  of  the  Association. 


i.   Auditors. 
Emory  McClintock,  Morristown,  «,nd  G.  K.  Gilbert,  Washington. 

2.  Committee  on  Indexing  Chemical  Literature. 

H.  Carrington  Bolton,  Chairman,  F.  W.  Clarke.  H.  W.Wiley, 
A.  B.  Prescott.  Alfred  Tuckerman. 

3.  Committee  on  the  Policy  of  the  Association. 

The  President,  Chairman,  The  Permanent  Secretary,  The 
Treasurer,  C.   S.  Minot,  H.  L.  Fairchild,  James  Lewis  Howe. 

4.    Committee    on    Standards    of    Measurements. 
T.  C.  Mendenhall,  Chairman,  E.  W.  Morley,  E.  L.  Nichols, 
R.    S.    Woodward,    H.    S.    Carhart.      With   power  to   add   to  its 
number. 

5.    Committee  on  the  Association  Library. 
F.    W.    Clarke,    Chairman,    A.    W.    Butler,    W.    L.    Dudley, 
Thomas    French,    Jr. 

6.    Committee  on  Anthropometric  Measurements. 
J.  McK.  Cattell,  W.  W.    Newell,   W  J   McGee,   Franz   Boas. 

7.    Committee  for  the  Collection  of  Information  Relative  to  Forestry. 
W.  H.  Brewer,  Chairman,  Gifford  Pinchot,  Arnold  Hague. 

S.    Committee  on  the  Quantitative  Study  of  Biological  Variation. 
Franz  Boas,  Chairman,  J.   McK.  Cattell,  C.  S.  Minot,  C.   H. 

ElGENMANN,      C.      B.      DAVENPORT. 

9.    Committee    on    the    Protection     and     Preservation    of    Objects    of 
Archaeological  Interest. 

,    Chairman,    F.    W.    Putnam,    N.    H.    Winchell, 

G.  K.  Gilbert,  A.  W.  Butler,  George  A.  Dorsey. 

10.    Committee  on  the  Study  of  Blind  Vertebrates. 
Theodore   Gill,   Chairman,   A.   S.    Packard,   C.    O.    Whitman, 
S.  H.  Gage,  H.  C.  Bumpus,  C.  H.  Eigenmann. 

1  All  Committees  are  expected  to  present  their  reports  to  the  Council  not  later  than  the 
third  day  of  the  meeting.  Committees  sending  their  reports  to  the  Permanent  Secretary  one 
month  before  a  meeting  can  have  them  printed  for  use  at  the  meeting. 
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SPECIAL     COMMITTEES     OF     THE     ASSOCIATION. 

ii.    Com  nutter  on  the  Teaching  of  Anthropology  in  America. 
W  J    McGee,   Chairman.   G.    G.     MacCurdy,    Frank    Russell, 
Franz   Boas.    W.    H.    Holmes. 

12.    Committee    on    the    Relations    of   the    Journal    Science    with    the 

.  1  ssociation. 
Simon  Newcomb.  Chairman.  G.   K.  Gilbert,  J.   McK.  Cattell, 
The   President,   The   Permanent  Secretary. 

13.    Committee  on  the  Relations  of  Plants  and  Climate. 
William     Trelease.     Chairman.     D.     T.     MacDougal,     J.     M. 
Coulter. 

14.    Committee  on  the  Atomic  Weight  of  Thorium. 
Charles     Baskerville,     Chairman,     F.     P.     Venable,    James 
Lewis   Howe. 

15.    Committee  on  the  Velocity  of  Light. 
\V.  S.  Franklin,  Chairman,  D.  B.  Brace,  E.  F.  Nichols. 
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Meetings 

Place 
Philadelphia 

Date 

Members  in 
attendance 

Number  of 
members 

i 

Sept.  20,  1848 

9 

461 

2 

Cambridge 

Aug.   14,  1849 

•> 

540 

3 

Charleston 

Mar.  12,  1850 

? 

622 

4 

New  Haven 

Aug.  19,  1850 

? 

704 

5 

Cincinnati 

May      5,  1851 

87 

800 

6 

Albany 

Aug.   19,  1851 

194 

769 

7 

Cleveland 

July    28,  1853 

•> 

940 

8 

Washington 

April  26,  1854 

168 

1004 

9 

Providence 

Aug.   15,  1855 

166 

605 

IO 

2d  Albany 

Aug.  20,  1856 

381 

722 

ii 

Montreal 

Aug.   12,  1857 

35i 

946 

12 

Baltimore 

April  28,  1858 

190 

962 

13 

Springfield 

Aug.     3,  1859 

190 

862 

'4 

Newport 

Aug.     1,  i860 

I3S 

644 

'5 

Buffalo 

Aug.  15,  1866 

79 

637 

16 

Burlington 

Aug.  21,  1867 

73 

415 

*7 

Chicago 

Aug.     5,  1868 

259 

686 

18 

Salem 

Aug.  18,  1869 

244 

5" 

'9 

Troy 

Aug.  17,  1870 

188 

S36 

20 

Indianapolis 

Aug.   16,  1871 

196 

668 

21 

Dubuque 

Aug.  15,  1872 

164 

610 

22 

Portland 

Aug.  20,  1873 

195 

670 

23 

Hartford 

Aug.  12,  1874 

224 

722 

24 

Detroit 

Aug.  11,  1875 

165 

807 

25 

2d  Buffalo 

Aug.  23,  1876 

215 

867 

26 

Nashville 

Aug.  29,  1877 

'73 

953 

27 

St.  Louis 

Aug.  21,  1878 

!34 

962 

28 

Saratoga 

Aug.  27,  1879 

256 

1030 

29 

Boston 

Aug.  25,  1880 

997 

1555 

3" 

2d  Cincinnati 

Aug.  17,  1881 

500 

1699 

3' 

2d  Montreal 

Aug.  23,  1882 

937 

1922 

S2 

Minneapolis 

Aug.  15,  1883 

328 

2°33 

33 

2d  Philadelphia 

Sept.     3,  1884 

1261* 

1981 

34 

Ann  Arbor 

Aug.  26,  1885 

364 

1956 

35 

3d  Buffalo 

Aug.    18,  1886 

445 

1886 

36 

New  York 

Aug.  10,  1887 

729 

1956 

37 

2d  Cleveland 

Aug.    14,  1888 

342 

1964 

38 

Toronto 

Aug.  26,  1889 

424 

1952 

39 

2d  Indianapolis 

Aug.  19,  1S90 

364 

1944 

40 

2d  Washington 

Aug.  19,  1891 

653t 

2054 

4i 

Rochester 

Aug.   17,  1892 

456 

2037 

42 

Madison 

Aug.   17,  1893 

290 

'939 

43 

Brooklyn 

Aug.   15,  1894 

488 

1802 

44 

2d  Springfield 

Aug.  28,  1895 

368 

'9«3 

45 

4th  Buffalo 

Aug.  24,  1896 

333 

1890 

46 

2d  Detroit 

Aug.     9,  1897 

283! 

1782 

47 

2d  Boston 

Aug.  22,  1898 

9°3 

1729 

48 

Columbus 

Aug.  21,  1899 

353 

1721 

49 

2d  New  York 

June  25,  1900 

434 

1925 

5° 

Denver 

Aug.  24,  1901 

3ii 

2703 

5> 

Pittsburg 

June  28  to  July  3,  1902. 

435 

3473 

*  Including  303  members  of  the  British  Association  and  9  other  foreign  guests. 
t  Including  24  Foreign  Honorary  members  for  the  meeting. 

Including  15  Foreign  Honorary  members  and  associates  for  the  meeting. 
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Officers  of  the  Meetings  of  the  Association. 


[The  number  before  the  name  is  that  of  the  meeting;  the  year  of 
the  meeting  follows  the  name;  the  asterisk  after  a  name  indicates 
that   the   member  is   deceased.] 


PRESIDENTS. 


9- 

i  o. 


14- 

J5- 
16. 

17- 
18. 
19. 


20. 
21. 
22. 
23- 
24- 
25- 
26. 


i  Wm.  B.  Rogers,*  1848. 

1  W.  C.  Redfield,*  1848. 
Joseph  Henry.*  1849. 

fA.      D.      Bache,*     March 

j  meeting,  1S50,  in  the  ab- 
■{  sence  of  Joseph  Henry.* 

I  August    meeting,    1850. 

I  May    meeting,     1S51. 
Louis   Agassiz,*   August 
meeting,     1851. 
(No    meeting   in    1S52.) 
Benjamin     Pierce,*     1853. 
James  D.  Dana,*    1854. 
John    Torrey,*    1S55. 
James   Hall,*    1S56. 

fALEXis  Caswell,*  1857, 
J  in  place  of  J.  W.  Bailey,* 
1  deceased.    1S5S,  in  the  ab- 

Isence  of  Jeffries  Wyman.* 
Stephen  Alexander, *i859. 
Isaac     Lea,*    i860. 

(No  meetings  for  1861-65.) 
F.    A.    P.    Barnard,*    1S66. 
J.    S.    Newberry,*    1S67. 
B.    A.     Gould,*     1868. 
J.    W.    Foster,*    1869. 
T.     Sterry     Hunt,*     1870, 
in    the  absence    of    Wm. 
Chauvenet.* 
Asa   Gray,*    187 1. 
J.  Lawrence  Smith,*  1872. 
Joseph     Lovering,*     1873. 
J.     L.     LeConte,*     1874. 
J.   E.    Hilgard,*    1875. 
William  B.  Rogers,*  1876. 
Simon    Newcomb,     1S77. 


27. 
28. 
29. 


33- 
34- 
35- 

36. 
37- 
38. 

39- 

40. 
41. 
42. 
43- 
44- 

45- 


46. 

47- 


49- 
5°- 
51- 
52. 


O.     C     Marsh,*     1878. 
G.     F.     Barker,     1879. 
Lewis    H.    Morgan,*    1880. 
G.    J.    Brush,    1S81. 
J.    W.    Dawson,    1SS2. 
C.    A.    Young,    1883. 
J.    P.    Lesley,     1884. 
H.     A.     Newton,*     1SS5. 
Edward  S.  Morse,  1886. 
S.    P.    Langley,    18S7. 
J.    W.    Powell,    1888. 
T.    C    Mendenhall,    1SS9. 
G.  Lincoln  Goodale,  1890. 
Albert  B.  Prescott,  1S91. 
Joseph  LeConte,*  1S92. 
William    Harkness,    1893. 
Daniel  G.  Brinton,*  1894. 

E.  W.    Morley,    1895. 

I  Edward  D.  Cope,*  1896- 
Theodore  Gill,  as  senior 
|  vice-president  acted  after 
i  the  death  of  Prof.  Cope. 
I  Wolcott  Gibbs,  1897,  ab- 
|  sent.  W  J  McGee,  Act- 
ing   President. 

F.  W.    Putnam,    1898. 
fEDWARD     Orton,*     1899. 

Grove  K.  Gilbert,  elec- 
|  ted  by  the  General  Com- 
-j  mi t tee  December,  1899, 
I  to  fill  the  vacancy  caused 
by  the  death  of  Prof. 
1  Orton. 

R.    S.    Woodward,    1900. 

C.  S.   Minot,   1901. 

Asaph    Hall,    1902. 

Ira  Remsen,  1903. 
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VICE-PRESIDENTS. 
There  were  no  Vice-Presidents  until  the  iith  meeting  when 
there  was  a  single  Vice-President  for  each  meeting.  At  the  24th 
meeting,  the  Association  met  in  Sections  A  and  B,  each  presided 
over  by  a  Vice-President.  At  the  31st  meeting  nine  sections  were 
mized.  each  with  a  Vice-President  as  its  presiding  officer.  In 
1886  Section  G  (Microscopy)  was  given  up.  In  1S92,  Section  F 
was  divided  into  F,  Zoology;  G.  Botany. 

1857-1S74. 
11.    Alexis     Caswell,*      1857,      17.    Chas.    Whittlesey,*    1868. 


acted  as  President. 

12.  JOHX    E.    HOLBROOK,*    1858, 

not   present. 

13.  Edward  Hitchcock,*  1859. 

14.  B.    A.    Gould.*    1S60. 

15.  B.  A.  Gould,*  1866,  in  the 

absence  of   R.    W.    Gibbes. 

16.  WoLCOTT    GlBBS,     1S67. 


18.  Ogden   N.    Rood,    1869. 

19.  T.     Sterry     Hunt.*     1870, 

acted    as    President. 

20.  G.    F.    Barker,    1871. 

21.  Alex.     Winchell,*     1872. 

22.  A.     H.     Wort  hex,*     1873, 

not    present. 

23.  C.  S.  Lyman,*  1874. 


1875-1881. 


Section    A. — Mathematics,    Phys 
ics,    and    Chemistry. 

24.  H.  A.  Newton,*  1875. 

25.  C.   A.    Young,    1876. 

26.  R.     H.     Thurston,      1877, 

in  the  absence   of    E.   C. 
Pickering. 

27.  R.    H.    Thurston,    1878. 

28.  S.   P.  Langley,   1879. 

29.  Asaph    Hall,     1880. 

30.  Wm.     Harkness,     1881,    in 
the  absence  of  A.M.Mayer.* 

Chairmen  of   Subsections,    1875-1881 


Section    B. — Natural    His- 
tory. 

24.  J.    W.    Dawson,    1S75. 

25.  Edward    S.     Morse,     1876. 

26.  O.     C.     Marsh,*     1877. 

27.  Aug.    R.    Grote,    1S78. 
2S.  J.    W.    Powell,    1879. 

29.  Alex.     Agassiz,     18S0. 

30.  Edward  T.  Cox,  1SS1,  in 
the  absence  of  Georgk 
Engelmann.* 


Subsection     of     Chemistry. 

24.  S.   W.   Johnson,    1875. 

25.  G.     F.     Barker,     1876. 

26.  N.    T.    Lupton,*    1877. 

27.  F.    W.    Clarke.    1878. 

28.  F.  W.  Clarke,   1S79,  in  the 

absence  of  Ira   Remsen. 

29.  J.    M.    Ordway,     18S0. 

30.  G.   C.    Caldwell,    i88i,   in 

the  absence  of  W.   R. 
Nichols.* 
Subscctioji    of    Microscopy. 
2;.    R.    H.   Ward,    1876. 

26.  R.    H.    Ward,    1877. 

27.  R.    H.    Ward,    1878,   in   the 
absence  of  G.  S.  Blackie.* 


28.  E.      W.      MORLEY,      1879. 

29.  S.    A.    Lattimore,    1880. 

30.  A.  B.  Hervey,  18S1. 
Subsection    of    Anthropology. 

24.  Lewis   H.    Morgan,*    1875. 

25.  Lewis    H.    Morgan,*    1876. 

26.  Daniel  Wilson,*  1877,  not 

present. 

27.  United    with    Section    B. 

28.  Daniel    Wilson,*    1S79. 

29.  J.  W.  Powell,   1S80. 

30.  Garrick    Mallery,*    1881. 
Subsection      of      Entomology. 

30.   J.    G.   Morris,  *i88i. 
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Vice-Presidents  of  Sections,    1S82- 


Section  A. — Mathematics  and 
Astronomy. 

31.  W.  A.  Rogers,*  1882,  in  the 
absence  of  Wm.  Harkness. 

32.  W.  A.  Rogers,*  18S3. 
S3.    H.  T.   Eddy,    1884. 

34.  Wm.  Harkness,  1885,  in  the 

absence  of  J.  M.  Van  Vleck. 

35.  J.  W.  Gibbs,  1886. 

36.  J.     R.     Eastman,     1887,    in 

place  of  W.Ferrel,*  res'd. 

37.  Ormond   Stone,    1S88. 

38.  R.    S.    Woodward,     1889. 

39.  S.   C.   Chandler,    1890. 

40.  E.  W.  Hyde,  1891. 

41.  J.   R.   Eastman,   1S92. 

42.  C.   L.   Doolittle,    1893. 


43- 


f  G.    C.    COMSTOCK,     1894. 

I  Edgar 


Frisby,     1894. 

44.  Edgar  Frisby, 1895,  in  place 

of  E.H.Holden,  resigned. 

45.  Alex.    Macfarlane,     1896, 

in  place  of  Wm.  E.  Story, 
resigned. 

46.  W.    W.    Beman,    1S97. 

47.  E.    E.    Barnard,    1898. 

48.  Alex.   MacFarlane,    1899. 

49.  Asaph    Hall,    Jr.,    1900. 

50.  James  MacMahon,   1901. 

51.  G.   W.    Hough,    1902. 

52.  George    Bruce     Halsted, 

i9°3- 
Section     B. — Physics. 

31.  T.   C.   Mendenhall,    1882. 

32.  H.    A.     Rowland,*     1883. 

33.  J.    Trowbridge,    1884. 

34.  S.     P.     Langley,     1885,    in 
place  of  C.F.Brackett,  res'd. 

35.  C.     F.     Brackett.     18S6. 

36.  W.    A.    Anthony,    1887. 

37.  A.     A.     MlCHELSON,     1888. 

38.  H.  S.  Carhart,  1889. 

39.  Cleveland    Abbe,    1890. 


40.  F.     E.     Nipher,     1891. 

41.  B.  F.  Thomas,   1892. 

42.  E.    L.    Nichols,    1893. 

43.  Wm.    A.     Rogers,     1S94. 

44.  W.LeConte  Stevens,  1895. 

45.  Carl    Leo    Mees,     1896. 

46.  Carl    Barus,    1897. 

47.  F.   P.   Whitman,   1898. 

48.  Elihu     Thomson,     1899. 

49.  Ernest    Merritt,     1900. 

50.  D.   B.   Brace,    1901. 

51.  W.    S.    Franklin,     1902. 

52.  Ernest  F.  Nichols,  1903. 
Section     C. — Chemistry. 

31.  H.    C.    Bolton,    1882. 

32.  E.  W.   Morley,   1883. 
33-   J-    W.    Langley,    1884. 

34.  N.  T.  Lupton,*  1885,  in  the 

absence  of  W.  R.  Nichols. 

35.  H.   W.   Wiley,    1886. 

36.  A.   B.   Prescott,   1887. 

37.  C.    E.    Munroe,    1888. 

38.  W.  L.  Dudley,  1889. 

39.  R.    B.    Warder,    1890. 

40.  R.   C.    Kedzie,    1891. 

41.  Alfred   Springer,    1892. 

42.  Edward    Hart,     1893. 

43.  T.    H.    Norton,     1S94. 

44.  Wm.    McMurtrie,     1895. 

45.  W.   A.   Noyes,    1896. 

46.  W.  P.  Mason,  1897. 

47.  Edgar    F.    Smith,    1898. 

48.  F.    P.    Venable,    1899. 

49.  Jas.   Lewis  Howe,   iqoo. 

50.  John    H.    Long,    1901. 

51.  H.   A.   Weber,    1902. 

52.  Charles    Baskerville, 

i9°3- 
Section  D. — Mechanical  Scie)ice 
and  Engineering. 

31.  W.  P.  Trowbridge,*  1882. 

32.  DeVolson  Wood,  1883,  ab- 
sent, but  place  was  not  filled. 
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Vice-Presidents  of   Sections,   Continued. 


33.  R.    H.    Thurston,    1SS4. 

34.  J.   Bi'rkitt  Webb,  1S85. 

35.  0.  Chanute,  18S6. 

36.  E.    B.   Coxe,    1S87. 

37.  C.  J.    H.   Woodbury,    1888. 
James  E.   Denton,   1SS9. 

39.  James     E.     Denton,     1890, 

in  place  of  A.  Beardsley, 
absent. 

n   D — Mechanical  Science 
and    Engineering,    continued. 

40.  Thomas     Gray,     1S91. 

41.  J.  B.  Johnson,  1892. 

42.  S.    W.    Robinson,    1893. 

43.  Mansfield  Merriman,  1894 

44.  William  Kent,   1S95. 

45.  Frank  O.  Marvin,  1896. 

46.  John    Galbraith,    1S97. 

47.  John    Galbraith,    1S9S,   in 

the  absence  of  M.E.Cooley. 

48.  Storm    Bull,    1899. 

49.  John    A.    Brashear,    1900. 

50.  H.  S.  Jacoby,  1901. 

51.  J.    J.     Flather,     1902. 

52.  Clarence   A.  Waldo,  1903. 
Section    E. — Geology   and 

Geography. 

31.  E.    T.    Cox,    1882. 

32.  C.    H.    Hitchcock,    1883. 
;^.    X.   H.  Winchell,   1884. 
34.    Edward    Orton,*     1885. 

-     T.    C.    Chamberlin,    1886. 
36.    G.  K.   Gilbert,   1887. 
$7.    George  H.  Cook,*  1888. 

38.  Charles  A.  White,  1889. 

39.  John  C.  Branner,  1890. 

40.  J.  J.  Stevenson,  1891. 

41.  H.    S.    Williams,    1892. 

42.  Charles  D.  Walcott,  1893. 

43.  Samuel    Calvin,     1894. 

44.  Jed.  Hotchkiss,  1895. 

45.  B.    K.    Emerson,    1896. 


46. 


\  I.     C.     White,     1897. 


(  E.    \V.    Claypole,*    1897. 
47.    H.    L.    Fairchild,    1898. 
4S.   J.    F.    Whiteaves,    1899. 

49.  J.   F.    Kemp,    1900. 

50.  C.  R.  Van  Hise.  1901. 

51.  Joseph  A.  Holmes,  1902,  in 

the     absence     of     O.     A 
Derby. 

52.  Wm.    M.    Davis,    1903. 
Section  F. — Biology,  1882-1S92. 

31.  W.  H.  Dall,  1882. 

32.  W.    J.    Beal,    1S83. 

33.  E.   D.  Cope,*   1884. 

.    34.    T.  J.   Burrill,  1885.  in  the 
absence  of  B.  G.  Wilder. 

35.  H.    P.    Bow-ditch,    1SS6. 

36.  W.    G.    Farlow,    1887. 

37.  C.  V.    Riley,*    188S. 

38.  George  L.  Goodale,    1889. 

39.  C.  S.  Minot,   1890. 

40.  J.   M.   Coulter,    1891. 

41.  S.   H.   Gage,   1892. 

Section    F. — Zoology. 

42.  Henry  F.  Osborn.  1893. 

43.  J.    A.     Lintner,*     1894,    in 
place  of  S.  H.  Sc udder,  res'd. 

44.  L.     O.     Howard,     1895,    in 

place  of  D.  S.  Jordan,  res'd. 

45.  Theo.    Gill,    1896. 

46.  L.  O.  Howard,  1S97,  in 
place  <if  G.  Brown  Goode,* 
deceased. 

47.  A.   S.   Packard,    1S98. 

48.  S.   H.   Gage,    1S99. 

49.  C.    B.    Davenport,    1900. 

50.  D.   S.  Jordan,    1901. 

51.  E.  L.  Mark.  1902,  in  the  ab- 

sence of  C.  C.  Nutting. 

52.  C.  W.  Hargitt,  1903. 
Section  G.  Microscopy,  1882-85. 

31.     A.    H.    TUTTLE,    1882. 
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32.  J.    D.    Cox,    1883. 

33.  T.    G.    Wormley,*    1S84. 

34.  S.     H.     Gage,     1SS5. 
(Section  united  with  F  in  1SS6) 

Section    G. — Botany. 
42.    Charles   E.    Bessey,    1893. 

\  L.  M.   Underwood,   1S94. 
43'    1  C.    E.    Bessey,    1894. 

44.  J.  C.  Arthur,  1S95. 

45.  X.    L.    Brittox,    1896. 

46.  G.   F.   Atkixsox,    1S97. 

47.  W.   G.   Farlow.   1898. 
4S.    C.     R.     Barxes,     1899. 

49.  W.    Trelease,    1900. 

50.  B.   T.    Galloway.    1901. 

51.  C.   E.   Bessey,    1902,  in  the 

absence    of    D.    H.    Camp- 
bell. 

52.  F.  V.  Coyille,    1903. 
Section   H. — Anthropology. 

31.  Alex.    Wixchell.*    1SS2. 

32.  Otis  T.  Mason,   1883. 

33.  Edward  S.  Morse,  1884. 

34.  J.     Owex     Dorsey.*     1885, 
in  the  absence  of  W.  H.  Dall. 

35.  Horatio     Hale.*     1S86. 

36.  D.     G.     Brixtox.*     18S7. 

37.  Charles   C.    Abbott,    1888. 
3S.   Garrick    Mallery.*    1S89. 

39.  Frank  Baker,   1S90. 

40.  Joseph  Jastrow,   1891. 

41.  W.    H.    Holmes,    1892. 

42.  J.    Owen    Dorsey,*    1893. 

43.  Franz     Boas,     1894. 

44.  F.    H.    Cushing,*    1895. 

45.  Alice  C.  Fletcher,   1896. 

46.  W  J    McGee,    1S97. 

47.  J.    McK.    Cattell,    1898. 


48.  Thomas    Wilson,*    1S99. 

49.  A.   W.    Butler,    1900. 

50.  J.    Walter   Fewkes,    1901. 

51.  Stewart     Culin,      1902. 

52.  Geo.  A.  Dorsey,  1903. 
Section  I. — Social  and  Economic 

Science. 

31.  E.    B.    Elliott,*    1882. 

32.  Franklin  B.  Hough,*  1883. 

33.  John     Eaton,*     1S84. 

34.  Edward     Atkinson,     1885. 

35.  Joseph    Cummixgs.*     1886. 

36.  H.   E.  Alvord,   1887. 

37.  Charles  W.  Smiley.   1888. 

38.  Charles    S.    Hill,    1889. 

39.  J.    Richards   Dodge,    1890. 

40.  Edmuxd  J.  James,    1891. 

41.  L.  F.  Ward,  1892,  in  place 
of  S.  D.  Hortox,*  resigned. 

42.  William  H.  Brewer,  1893. 

43.  Hexry  Farquhar,   1894. 

44.  B.    E.    Ferxow,    1895. 

45.  W.    L.    Lazexby.    1896. 

46.  R.    T.    Colburx,    1897. 

47.  Archibald    Blue,    1898. 
4S.    Marcus  Benjamin,  1899. 

49.  Marcus     Benjamin,     1900, 

in  the  absence  of    C.    M. 
Woodward. 

50.  Johx    Hyde,    1901. 

51.  Johx  Hyde,  1902.  in  the  ab- 
sence of  Carroll  D.  Wright. 

52.  H.  T.  Xewcomb,  1903. 
Section  K. — Physiology  and  Ex- 
perimental   Medicine. 

51.  W.  H.  Welch,   1902. 

52.  W.  H.  Welch,  1903. 
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General     Secretaries,     1S4S- 

1.  Walter  R.  Johnson,*  1848 

2.  E.  N.  Horsford,*   1849,  m 

the  absence  of  Jeffries 
Wyman.* 

3.  L.  R.  Gibbs,  1850,  in  the  ab- 
sence  of    E.    C.    Herrick.* 

4.  E.     C.     Herrick,*     1850. 

5.  Wm.    B.    Rogers,*    1S51,  in 
the  absence  of  E.  C.  Herrick. 

6.  Wm.    B.    Rogers,*    1S51. 

7.  S.   St.  John,*    1853,   in  the 

absence  of  J.    D.   Dana.* 

8.  J.  Lawrence  Smith,*  1854. 

9.  WOLCOTT    GlBBS,     1855. 

10.  B.  A.   Gould,*   1856. 

11.  John  L.  LeConte,*  1857. 

12.  W.M. Gillespie, *i858,inihe 
absence  of  Wm.Chauvenet,* 

13.  Wm.   Chauvenet,*   1859. 

14.  Joseph     LeConte,*      i860. 

15.  Elias  Loomis,*  1866,  in 
the  absence  of  W.  P.  Trow- 
bridge.* 

16.  C.     S.     Lyman,*     1867. 

17.  Simon    Newcomb,    1868,   in 
the  absence  of  A.P.Rockwell. 

18.  0.    C.     Marsh,*     1S69. 

19.  F.  W.  Putnam,  1870,  in  the 

absence  of  C.    F.   Hartt.* 

20.  F.    W.    Putnam,    187 i. 

21.  Edward    S.    Morse,     1872. 

22.  C.    A.    White,    1873. 

23.  A.   C.   Hamlin,    1S74. 

24.  S.   H.  Scudder,   1875. 

25.  T.    C.    Mendenhall,    1876. 

26.  Aug.  R.  Grote,  1877. 

27.  H.   C.    Bolton,    1878. 

28.  H.  C.  Bolton,  1879,  in  the 
absence  of  George  Little. 

29.  J.   K.    Rees,   1880. 

30.  C.   V.    Riley,*    1881. 


31.  William    Saunders,    1S82. 

32.  J.   R.   Eastman,   1883. 

33.  Alfred  Springer,   18S4. 

34.  C.   S.   Minot,    1885. 

35.  S.    G.    Williams,*    1S86. 

36.  William  H.  Pettee,   1887. 

37.  Julius   Pohlman,    188S. 
3S.   C.   Leo   Mees,    18S9. 

39.  H.  C.  Bolton,   1S90. 

40.  H.    W.   Wiley,    189 i. 

41.  A.  W.  Butler,   1S92. 

42.  T.    H.    Norton,    1893. 

43.  H.  L.  Fairchild,  1894. 

44.  Jas.   Lewis  Howe,    1895. 

45.  Charles  R.  Barnes,  1896. 

46.  Asaph  Hall,  Jr.,   1S97. 

47.  J.  McMahon,  1898,  in  place 
of  D.S.KELLicoTT,*deceased. 

48.  F.    Bedell,    1899. 

49.  Chas.    Baskerville,    1900. 

50.  John  M.  Coulter,  1901,  in 

the  absence  of  William 
Hallock. 

51.  D.    T.     MacDougal,     1902. 

52.  Henry  B.  Ward,   1903. 
Permanent     Secretaries,     1S51- 
5-7.    Spencer  F.  Baird,*i85i-4 
8-17.  Joseph     Lovering,*i854 

-68. 
18.    F.  W.  Putnam,  1869,  in  the 

absence  of  J.   Lovering.* 
19-21.  Joseph  Lovering,*  1870 

-73- 

22-46.  F.  W.  Putnam,  1873-98. 
47-53.  L.  0.  Howard,  1898-05. 
Assistant   General   Secretaries, 
1882-1887. 

31.  J.  R.  Eastman,  1S82. 

32.  Alfred   Springer,    1883. 

33.  C.  S.  Minot,  1S84,  in  the  ab- 

sence of  E.  S.   Holden. 

34.  S.  G.  Williams,*  1885,  in  the 

absence  of  C.   C.   Abbott. 
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24. 


Secretaries  of  Section  A. — Mathe- 
matics, Physics  and  Chemistry, 
1S75-1S81. 

\  S.    P.    Langley,     1875. 
(  T.  C.  Mendenhall,  1875. 

25.  A.    W.    Wright,    1S76. 

26.  H.  C.   Bolton,   1877. 

27.  F.    E.    Nipher,    1878. 

28.  J.    K.    Rees,    1879. 

29.  H.  B.  Mason,  1880. 

30.  E.  T.  Tappan,  1SS1,  in  the 
absence  of  Jno.  Trow- 
bridge. 

47.  Frederick    Bedell,     1S9S.      Secretaries   of   Section   B. — Xat- 

48.  CharlesBaskerville,i899.  ural    History,     1874-1S81. 

49.  William     Hallock,     1900.      24.    Edward  S.  Morse,   1875. 

50.  D.  T.  MacDougal,   1901.  25.    Albert    H.    Tuttle,    1S76. 

51.  H.  B.  Ward,   1902.  26.    William  H.   Dall,   1877. 

52.  Ch.  Wardell  Stiles,  1903.      27.    George    Little,     1878. 

28.  Wm.   H.   Dall,   1879,  in  the 
absence  of  A.  C.  Wetherby. 

29.  Charles   V.    Riley,*    1880. 

30.  William    Saunders,    1S81. 

Secretaries    of   Subsections,    1875-18S1. 


35.  W.   H.    Pettee,    1SS6. 

36.  J.   C.   Arthur,    1S87. 
Secretaries  of  the  Council,   1SS8- 

37.  C.  Leo  Mees,  1888. 

38.  H.  C.   Bolton,   1889. 

39.  H.   W.   Wiley,    1S90. 

40.  A.    W.    Butler,    1891. 

41.  T.   H.   Norton,    1S92. 

42.  H.  Leroy  Fairchild,  1S93. 

43.  Jas.   Lewis  Howe,   1S94. 

44.  Charles  R.  Barnes,  1895. 

45.  Asaph    Hall,    Jr.,    1S96. 

46.  D.   S.    Kellicott,*    1S97. 


Subsection  of  Chemistry. 
24.  F.  W.  Clarke,  1S75. 
H.  C.  Bolton,  1S76. 
P.  Schweitzer,  1877. 
A.  P.  S.  Stuart,  1S78. 
W.  R.  Nichols,*  1879. 
C.   E.   Munroe,    1880. 
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25.  Otis    T.    Mason,    1S76. 

26,  27.    United  with   Section   B. 
2S,    29,    30.   J.    G.    Henderson, 

1879-S1. 

Subsection    of   Microscopy. 

25.  E.    W.    MORLEY,    1876. 

26.  T.  O.  Sommers,  Jr.,  1877. 
Alfred  Springer,  1S81,  in     27.   G.  J.   Engelmann,   1878. 

the  absence  of  R.B. Warder.      28,  29.    A.  B.  Hervey,  1879-80. 

Subsection   of   Entomology.        30.    W.  H.  Seaman,  18S1,  in  the 

30.    B.  P.  Mann,   1881.  absence  of  S.  P.  Sharple6. 

Subsection    of    Anthropology. 
24.    F.   W.   Putnam,    1875. 

Secretaries   of   the   Sections,   1882- 
Section  A. — Mathematics  and     33.   G.  W.  Hough,   1S84. 


Astronomy.  34 

31.  H.  T.  Eddy,  1S82.  35 

32.  G.  W.  Hough,  1S83,  in  the  36 
absence  of  W.  W.  Johnson.  37 


E.  W.  Hyde,  1885. 

S.  C.  Chandler,    1886. 

H.  M.   Paul,   1887. 

C.  C.  Doolittle,  18SS. 
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38.  G.   C.  Comstock,   1889. 

39.  W.    W.    Beman,    i8qo. 

40.  F.  H.  Bigelow,  1S91. 

41.  Winslow   Upton,    1892. 

42.  C.    A.   Waldo,    1893,  in  the 
absence  of  A.  W.  Phillips. 

43.  J.    C.    Kershner,    1S94.    in 

place  of  W.W.Beman,  res'd. 
44     Asaph    Hall,   Jr..  1895.   in 
place  of  E.  H.  Moore,  res'd. 

45.  Edwin  B.   Frost,   1896. 

46.  James   McMahon,    1897. 

47.  Winslow  Upton,  1898,  in 

place  of  Alex.  Ziwet. 
resigned. 

48.  John   F.   Hayford,   1899. 

49.  W.    M.   Strong,    1900. 

50.  G.  A.  Miller,  1901,  in  place 

of  H.  C.   Lord,  resigned. 

51.  E.  S.  Crawley,  1902. 

52.  C.    S.    Howe.    1903. 
Section  B. — Physics. 

31.  C.  S.  Hastings,  18S2. 

32.  F.   E.   Xipher,   18S3,  in  the 

absence  of  C.  K.  AVead. 
2,2,-  N.  D.  C.  Hodges,  1884. 
34.    B.  F.  Thomas.  1885.  in  place. 

of  A.  A.  Michelson,  resigned. 
3S-    H.  S.  Carhart,  1886. 

36.  C.  Leo  Mees,  1887. 

37.  Alex.     Macfarlane,    188S. 

38.  E.  L.  Nichols,  1889. 

39.  E.  M.  Avery,  1890. 

40.  Alex.     Macfarlane.    1891. 

41.  Brown     Ayres,     1892. 

42.  W.  LeConte  Stevens,  1893. 

43.  B.    W.    Snow,    1S94. 

44.  E.   Merritt,   1895. 

45.  Frank   P.    Whitman,    1896. 

46.  Frederick    Bedell,     1897. 

47.  W.    S.    Franklin.    189S,    in 
place  of  E.  B.  Rosa,  resigned. 

j-      William     Hallock,     1899. 


49.  R.   A.   Fessenden,    1900. 

50.  John  Zeleny,  1901,  in  place 

of  J.  O.  Reed,  resigned. 

51.  E.  F.  Nichols,  1902. 

52.  D.  C.  Miller,   1903. 
Section   C.  — Chemistry. 

31.   Alfred  Springer,  18S2. 
$  J .    W.    Langley.    1883. 
'l2'  I  W.  McMurtrie,   1883. 

33.  H.  Carmichael,  1 884,  in  the 
absence  of  R.  B.  Warder. 

34.  F.    P.    DUNNINGTON,    1SS5. 

35.  W.     McMurtrie,     1886. 

36.  C.  F.  Mabery,  1S87. 

37.  W.   L.   Dudley,    18S8. 

38.  Edward   Hart,    1889. 

39.  W.  A.  Noyes,  1890. 

40.  T.  H.  Norton,  1891. 

41.  Jas.  Lewis  Howe,  1S92. 

42.  H.  N.  Stokes,   1893,  in  the 

absence  of  J.    U.   Nef. 

43.  Morris  Loeb,  1894,  in  place 
of  S.  M.  Babcock,  resigned. 

(W.    P.    Mason,    1895. 
<W.    0.    At  water,    1895. 
45.    Frank  P.  Venable,  1896. 

46.  P.   C.   Freer.    1897. 

47.  C.    Baskerville,    1898. 

48.  FI.  A.  Weber,  1899. 

49.  A.    A.    Noyes,    1900. 

50.  W.  McPherson,  1901. 

51.  F.  C.  Phillips,  1902. 

52.  H.   N.  Stokes,   1903. 

ion    D. — Meclianical  Science 
and  Engineering. 

31.  J.  Burkitt  Webb,  1882,    in 
the  absence  of  C.  B.  Dudley. 

32.  J.  Burkitt  Webb,  1883,  pro 

tempore. 

33.  J.  Burkitt  Webb,  1884. 

34.  C.  J.  H.  Woodbury,  1885. 

35.  William  Kent,  1886. 

36.  G.   M.   Bond,   1887. 


44- 
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37 
38 
39 
40 

41 
42 
43 

44 
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Arthur    Beardslev,    iSSS. 
W.    B.    Warner,    1SS9. 
Thomas  Gray,    1S90. 
William  Kext,   1891. 
O.  H.  Landreth,   1892. 

D.  S.  Jacobus,    1S93. 
John  H.   Kixealv,    1S94. 
H.   S.   Jacoby,    1S95. 
John  Galbraith,   1S96. 

46„Jonx   J.    Flather,    1897. 

47.  Johx  J.  Flather,  1898,  in 
the  absence  of  W.  S.  Al- 
drich. 

48.  J.    M.    Porter,    1899. 

49.  W.  T.  Magruder,   1900. 
C.  W.  Comstock,  1901,  in  the 
absence  of  W.    H.  Jaques. 
C.  A.  Waldo,  1002. 
Albert    Kingsbury,    1903. 

Section     E. — Geology    and    Geo- 
graphy. 
31.    H.  S.  Williams,  1SS2,  in  the 

absence  of  C.    E.    Duttox. 

A.  A.  Julien,   18S3. 

E.  A.  Smith,   1884. 
G.  K.  Gilbert,  1885,  in  the 

absence  of  H.  C.  Lewis.* 
E.   W.   Claypole,*    1SS6. 
W.   M.    Davis,    18S7,  in  the 
absence  of  T.  B.  Comstock. 
Johx  C.  Braxxer,  1S88. 
Johx  C.   Braxxer,   1889. 
Samuel  Calvin,    1890. 
W  J  McGee,  1891. 
R.  D.  Salisbury,  1S92. 
W.     H.     Hobbs,*     1S93.     in 
place  of  R.  T.  Hill,  resigned. 
Jed.    Hotchkiss,*    1894,   in 
place  of  W.  M.  Davis,  res'd 
J.    Perrix    Smith,    1S95. 
W.  N.  Rice,   1S96,  in  place 
of   A.    C    Gill,   resigned. 
46.   C.  H.  Smith,  Jr.,  1897. 


32 
33 
34 

35 
36 

37 

38 

39 
40 

4i 
42 

43 
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47.  Warren     Upham,     189&. 

48.  Arthur    Hollick,     1809. 

49.  J.  A.  Holmes,  1900. 

50.  H.  B.  Pattox,   190 i,  in  the 
absence  of  R.  A.  F.  Penrose. 

51.  F.  P.  Gulliver,   1002. 

52.  E.    O.    Hovey,    1003. 
Section  F. — Biology,   1882-1892. 

31.  William    Osler,     18S2,    in 
the  absence  of  C.  S.  Minot. 

32.  S.  A.  Forbes.   18S3. 

33.  C.  E.  Bessey,   1S84. 

34.  J.    A.     Lixtxer,*     1885,    in 
place  of  C.  H.  Fernald,  res'd 

35.  J.  C.  Arthlr,   1SS6. 

36.  J.    H.    Comstock,    1887. 

37.  B.    E.    Ferxo\y,    1888. 
3S.    A.  W.  Butler,  1SS9. 

39.  J.  M.  Coulter,  1S90. 

40.  A.  J.  Cook,   1S9U 

41.  D.    B.    Halstead.    1892. 
Section      F.- — Zoology. 

42.  L.  O.  Howard,  1S93. 

43.  Johx  B. Smith,  1894,  in  place 

of  Wm.Libby,  Jr..  resigned. 

44.  C.     W.     Hargitt,     1805.    in 
place  of  S.  A.  Forbes,  res'd. 

45.  D.   S.    Kellicott.*    1S96. 

46.  C.   C.    Xuttixg,    1897. 

47.  R.     T.    Jacksox,     189S.    in 
place  of  C.  W.  Stiles,  resigned. 

48.  C.     L.     Marlatt,     18Q9,     in 
place  of  F.  W.  True,  resigned. 

49.  C.   H.    Eigexmaxx.    1900. 

50.  H.    B.   Ward,    1901. 

51.  C.  W.  Stiles.   1902. 

52.  C.   J.    Herrick,    1903. 
Section  G. — Microscopy,  1S82-85. 

31.  Robert  Brown,  Jr.,  1882. 

32.  Carl   Seiler,    1883. 

S3-    Romyx  Hitchcock,  1884. 
34.    W.    H.    Walmsley,     1885. 


(Vi 
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Section    G. — Botany.  40.    Frank  Russell,   1900. 

42.    B.    T.    Galloway,    1893,    in      50.    G.   G.   MacCurdy,   1901. 
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the  absence  of  F.  V.  Coville. 
43.    Chas.  R.  Barnes,   1S94. 
'  B.   T.   Galloway,    1895. 
/  M.  B.  Waite,  1895. 

45.  George  F.  Atkinson,  1S96. 

46.  F.  C.  Newcombe,  1897. 

47.  Erwin  F.  Smith,   1898. 

48.  W.  A.  Kellerman,  1899. 

49.  D.  T.  MacDougal,   1900. 

50.  Ernst  A.BEssEY.igoi.in  the 

absence  of  A.  S.  Hitchcock 

51.  H.      VOX      SCHRENK,      1902. 

52.  C.  J.  Chamberlain,     1903. 
Section     //. — Anthropology. 

31.  Otis  T.  Mason,  1882. 

32.  G.   H.   Perkins,   1883. 

^^.    G.  H.  Perkins,  1884,  in  the 


51.  Harlan    I.    Smith,    1902. 

52.  R.  B.  Dixon,  1903. 
Section  I. — Social  and  Economic 

Science. 
{  Franklin  B. Hough, *i882. 
•*      ( J.  Richards  Dodge,  1S82. 
32.   Joseph   Cummings,*    1S83. 
^^.   Charles  W.   Smiley*,   1884. 

34.  Chas.  W.  Smiley,  18S5,  in 
the  absence  of  J.  W.Chicker- 
ing. 

35.  H.   E.  Alvord,   18S6. 

36.  W.    R.   Lazenby,   1887. 

37.  Charles  S.  Hill,   1888. 

38.  J.  Richards  Dodge,  1889. 

39.  B.    E.    Fernow,    1S90. 

40.  B.  E.  Fernow,  1891. 


absence  of  W.  H.  Holmes.  41.  Henry  Farquhar,  1S92,  in 

34.  Erminnie  A.  Smith,*  1S85.  place  of  L.  F.  Ward,  made 

35.  A.  W.  Butler,   1886.  •  Vice-President. 

36.  Chas. C. Abbott,  18S7,  in  the  42.  Nellie  S.   Kedzie,   1893. 

absence  of  F.W.Langdon.  43.  Manley  Miles,  1894. 

37.  Frank  Baker,  1888.  44.  W.    R.    Lazenby,    1S95,    m 

38.  W.  M.  Beauchamp,  18S9.  place  of  E.  A.  Ross,  resigned. 


39.  Joseph    Jastrow,     1S90. 

40.  W.  H.  Holmes,  1S91. 

41.  W.  M.  Beauchamp,  1892,  in 
place  of  S.  Culin,  resigned. 

42.  W.    K.    Moorehead,    1893. 

43.  A.    F.    Chamberlin,    1SC4. 

f Stewart    Culin    and    W. 

W.  Tooker,  1895,  in  place 

of   Anita    N.    McGee,   re- 

{  signed. 

45.    G.     H.     Perkins,     1896,    in 

place  of  J.  G.BouRKE,*dec'd. 


45.  r.  t.  colburn,   1896. 

46.  Archibald    Blue,     1897. 

47.  Marcus  Benjamin,  1S9S. 

48.  Calvin  M.  Woodward, 
1S99. 

49.  H.    T.    NeWcomb,    1900. 

50.  R.  A.  Pearson,  1901,  in 
place  of  Cora  A.  Benneson, 
resigned. 

51.  F.  R.  Rutter,  1902,  in 
place  of  W alter  F.  Willcox, 
resigned. 

46.    Anita    X.    McGee,    1897,  in      52.    F.  H.  Hitchcock,  1903. 
place    of    Harlan    I.    Smith,      Section  K. — Physiology  and  Ex- 


44- 


resigned. 

47.  Marshall  H.  Sa  ville,i  898. 

48.  E.    W.   Scripture,    1899,  in 
place  of  Geo.    A.    Dorsey, 

ned. 


peridental  Medicine. 

51.  F.  S.  Lee,  1902. 

52.  F.   S.   Lee,    1903. 
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OFFICERS   OF  THE  MEETINGS  OF  THE  ASSOCIATION. 


TREASURERS. 

i.   Jeffries    Wyman,*    184S.  9-19-   A.     L.     Elwyn,*     1855- 

2.  A.  L.   Elwyn,*   1S49.  1870. 

3.  St.  J.  Ravenel,*iS50?  in  the  20-30.    Wm.    S.    Vaux,*     1871- 

absence  of  A.  L.  Elwyn.*  1881. 

4.  A.    L.   Elwyn,*    1850.  32-42.   Wm.     Lilly,*     1882-93. 

5.  Spencer   F.    Baird,*    1S51,  43-49.    R.  S.  Woodward,  1S94- 
in  the  absence  of  A. L. Elwyn,*  1900. 

6-7.   A.    L.    Elwyn,*    1851-53.  50-54.    R.  S.  Woodward,  1901- 
S.   J.  L.  LeConte,*  iS54,inthe  i9°4- 

absence  of  A.  L.  Elwyn.* 
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Commonwealth  of  Massachusetts. 


In  the  Year  One  Thousand  Eight  Hundred  and  Seoenty-Four. 


AN  ACT 


To  Incorporate  the  "American-  Association  for  the  Advance- 
ment of   Science." 

it  enacted  by  the  Senate  and  House  of  Representatives,  in  General 
Court  assembled,  and  by  the  authority  of  the  same,  as  follows: 
Section-  i.  Joseph  Henry  of  Washington,  Benjamin  Pierce  of 
Cambridge,  James  D.  Dana  of  New  Haven,  James  Hall  of  Albany, 
Alexis  Caswell  of  Providence,  Stephen  Alexander  of  Princeton, 
Isaac  Lea  of  Philadelphia,  F.  A.  P.  Barnard  of  New  York,  John  S. 
Newberry  of  Cleveland,  B.  A.  Gould  of  Cambridge,  T.  Sterry  Hunt 
of  Boston.  Asa  Gray  of  Cambridge,  J.  Lawrence  Smith  of  Louis- 
ville, Joseph  Lovering  of  Cambridge,  and  John  LeConte  of  Phila- 
delphia, their  associates,  the  officers  and  members  of  the  Associa- 
tion, known  as  the  "American  Association  for  the  Advancement  of 
Science,"  and  their  successors,  are  hereby  made  a  corporation  by 
the  name  of  the  "  American  Association  for  the  Advancement  of 
Science,"  for  the  purpose  of  receiving,  purchasing,  holding,  and 
conveying  real  and  personal  property,  which  it  now  is,  or  here- 
after may  be,  possessed  of,  with  all  the  powers  and  privileges,  and 
subject  to  the  restrictions,  duties  and  liabilities  set  forth  in  the 
general  laws  which  now  or  hereafter  ma}'  be  in  force  and  applicable 
to  such  corporations. 

Section  2.  Said  corporation  may  have  and  hold  by  purchase, 
grant,  gift,  or  otherwise,  real  estate  not  exceeding  one  hundred 
thousand  dollars  in  value,  and  personal  estate  of  the  value  of  two 
hundred  and  fifty  thousand  dollars. 

Section  3.  Any  two  of  the  corporators  above  named  are  here- 
bv  authorized  to  call  the  first  meeting  of  the  said  corporation  in 
the  month  of  August  next  ensuing,  by  notice  thereof  "by  mail." 
to  each  member  of  the  said  Association. 

Section   4.   This  act  shall    take  effect  upon  its  passage. 

House  of   Representatives,   March    10,    1S74. 
Passed    to    be    enacted, 
John    E.    Sanford,    Speaker. 
In   Senate,    March    17.    1874. 

Passed  to  be  enacted,  March   19,   1S74. 

Geo.    B.    Loring,    President.  Approved. 

W.   B.   Washburn. 
Secretary's  Department. 
Boston.   April   3,    1874. 
A  true  copy,  Attest: 

David    Pulsifer, 

etary  of  the  Commonwealth. 
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CONSTITUTION 

OF    THE 

AMERICAN    ASSOCIATION    FOR   THE  ADVANCE- 
MENT OF  SCIENCE. 

Incorporated  by  Act  of  the  General  Court  of  the  Commonwealth  of  Massachusetts. 


Objects. 
Article  i.  The  objects  of  the  Association  are,  by  periodical 
and  migratory  meetings,  to  promote  intercourse  between  those 
who  are  cultivating  science  in  different  parts  of  America,  to  give 
a  stronger  and  more  general  impulse  and  more  systematic  direc- 
tion to  scientific  research,  and  to  procure  for  the  labors  of  scientific 
men  increased  facilities  and  a  wider  usefulness. 

Membership. 
Art.    2.   The     Association     shall     consist    of    members,    fellows, 
patrons,  corresponding  members  and  honorary  fellows. 

Members. 
Art.  3.  Any  person  may  become  a  member  of  the  Association 
upon  recommendation  in  writing  by  two  members  or  fellows,  and 
election  by  the  Council.  Any  incorporated  scientific  society  or 
institution,  or  any  public  or  incorporated  library,  may  be  enrolled 
as  a  member  of  the  Association  by  vote  of  the  Council  by  pay- 
ment of  the  initiation  fee;  such  society,  institution,  or  library  may 
be  represented  by  either  the  President,  Curator,  Director,  or 
Librarian  presenting  proper  credentials  at  any  meeting  of  the 
Association  for  which  the  assessment  has  been  paid. 

Associates. 
Associates  for  any  single  meeting  shall  be  admitted  on  the  pay- 
ment of  three  dollars,  such  associates  to  have  all  the  privileges  of 
the  meeting,  except  reading  papers  and  voting. 

Members    of    scientific    societies    whose    meetings    are    contem- 
poraneous with,  or  immediately  subsequent  to,  that  of  the  Associa- 
te?) 


CONSTITUTION'. 

tion.  and  which  arc  recognized  by  vote  of  the  Council  as  "Affiliated 
Societies,"  may  become  associate  members  for  that  meeting  on 
the  payment  of  three  dollars.  They  shall  be  entitled  to  all  the 
privileges  of  membership  except  voting  or  appointment  to  office, 
but  their  names  shall  not  appear  in  the  list  of  members  printed  in 
the  annual  report. 

Foreign"   Associates. 

Any  member  or  fellow  of  any  national  scientific  or  educational 
institution,  or  of  any  society  or  academy  of  science,  of  any  country 
not  in  America,  who  may  be  present  at  any  meeting  of  the  Associa- 
tion shall,  on  presenting  the  proper  credentials,  be  enrolled  with- 
out fee  as  a  Foreign  Associate,  and  shall  be  entitled  to  all  the 
privileges  of  the  meeting  except  voting  on  matters  of  business. 

Fellows. 

Art.  4.  Fellows  shall  be  elected  by  the  Council  from  such  of 
the  members  as  are  professionally  engaged  in  science,  or  have, 
by  their  labors,  aided  in  advancing  science.  The  election  of 
fellows  shall  be  by  ballot,  and  a  majority  vote  of  the  members 
of  the  Council  at  a  designated  meeting  of  the  Council. 

Patrons. 

Art.  5.  Any  person  paying  to  the  Association  the  sum  of  one 
thousand  dollars  shall  be  classed  as  a  patron,  and  shall  be  en- 
titled to  all  the  privileges  of  a  member  and  to  all  its  publications. 

Honorary  Fellows   and  Corresponding   Members. 

Art.  6.  Honorary  fellows  of  the  Association,  not  exceeding 
three  for  each  Section,  may  be  elected,  the  nominations  to  be  made  by 
the  Council  and  approved  by  ballot  in  the  respective  sections  be- 
fore election  by  ballot  in  General  Session.  Honorary  fellows  shall 
be  entitled  to  all  the  privileges  of  fellows,  and  shall  be  exempt 
from  all  fees  and  assessments,  and  entitled  to  all  publications 
of  the  Association  issued  after  the  date  of  their  election.  Corres- 
ponding members  shall  consist  of  such  scientists  not  residing  in 
America  as  may  be  elected  by  the  Council,  and  their  number  shall 
be  limited  to  fifty.      Corresponding  members  shall  be  entitled  to 
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all  the  privileges  of  members  and  to  the  annual  volumes  of  Pro- 
ceedings published  subsequent  to  their  election. 

Suspensions. 
Art.  7.  The  name  of  any  member  or  fellow  two  years  in 
arrears  for  annual  dues  shall  be  erased  from  the  list  of  the 
Association,  provided,  that  two  notices  of  indebtedness,  at  an 
interval  of  at  least  three  months,  shall  have  been  given;  and  no 
such  person  shall  be  restored  until  he  has  paid  his  arrearages  or 
has  been  re-elected.  The  Council  shall  have  power  to  exclude 
from  the  Association  any  member  or  fellow,  on  satisfactory  evi- 
dence that  said  member  or  fellow  is  an  improper  person  to  be  con- 
nected with  the  Association,  or  has  in  the  estimation  of  the  Council 
made  improper  use  of  h;s  membership  or  fellowship. 

Officers. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organiza- 
tion of,  or  hold  office  in,  more  than  one  section  at-  any  one  meeting. 

Art.  9.  The  officers  of  the  Association  shall  be  elected  by 
ballot  by  the  General  Committee  from  the  fellows,  and  shall  con- 
sist of  a  President,  a  Vice-President  from  each  section,  a  Per- 
manent Secretary,  a  General  Secretary,  a  Secretary  of  the  Council, 
a  Treasurer,  and  a  Secretary  of  each  Section;  these,  with  the 
exception  of  the  Permanent  Secretary,  the  Treasurer,  and  the 
Secretaries  of  the  Sections,  shall  be  elected  at  each  meeting  for  the 
following  one,  and,  with  the  exception  of  the  Treasurer  and  the 
Permanent  Secretary,  shall  not  be  re-eligible  for  the  next  two 
meetings.  The  term  of  office  of  the  Permanent  Secretary,  of  the 
Treasurer,    and   of   the   Secretaries   of   the   Sections,    shall   be    five 

years. 

President. 

Art.  10.  The  President,  or,  in  his  absence,  the  senior  Vice- 
President  present,  shall  preside  at  all  General  Sessions  of  the 
Association  and  at  all  meetings  of  the  Council.  It  shall  also  be 
the  duty  of  the  President  to  give  an  address  at  a  General  Session 
of  the   Association  at   the   meeting  following  that   over  which  he 

presided. 

Vice-Presidents. 

Art.     11.    The     Vice-Presidents     shall     be     chairmen    of    their 

respective   Sections,    and   of   their   Sectional    Committees,    and    it 
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shall  be  part  of  their  duty  to  give  an  address,  each  before  his  own 
Section,  at  such  time  as  the  Council  shall  determine  at  the  meeting 
subsequent  to  that  at  which  he  presides.  The  Vice-Presidents 
may  appoint  temporary  chairmen  to  preside  over  the  sessions  of 
their  sections,  but  shall  not  delegate  their  other  duties.  The 
Vice-Presidents  shall  have  seniority  in  order  of  their  continuous 
membership  in   the   Association. 

General  Secretary. 
Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all 
General  Sessions  of  the  Association,  and  shall  keep  a  record  of  the 
business  of  these  sessions.  He  shall  receive  the  records  from 
the  Secretaries  of  the  Sections,  which,  after  examination,  he 
shall  transmit  with  his  own  records  to  the  Permanent  Secretary 
within  two  weeks  after  the  adjournment  of  the  meeting. 

Secretary   of   the   Council. 
Art.    13.    The    Secretary  of    the    Council  shall  keep  the  records 
of  the  Council.      He  shall  give  to  the  Secretary  of  each  Section  the 
titles  of  papers  assigned  to  it  by  the   Council.      He  shall  receive 
proposals  for  membership  and  bring  them  before  the  Council. 

Permanent  Secretary. 
Art.  14.  The  Permanent  Secretary  shall  be  the  executive 
officer  of  the  Association  under  the  direction  of  the  Council.  He 
shall  attend  to  all  business  not  specially  referred  to  committees 
nor  otherwise  eonstitutionally  provided  for.  He  shall  keep  an 
account  of  all  business  that  he  has  transacted  for  the  Association, 
and  make  annually  a  general  report  for  publication  in  the  annual 
volume  of  Proceedings.  He  shall  attend  to  the  printing  and 
distribution  of  the  annual  volume  of  Proceedings,  and  all  other 
printing  ordered  by  the  Association.  He  shall  issue  a  circular 
of  information  to  members  and  fellows  at  least  three  months  be- 
fore each  meeting,  and  shall,  in  connection  with  the  Local  Com- 
mittee, make  all  necessary  arrangements  for  the  meetings  of  the 
Association.  He  shall  provide  the  Secretaries  of  the  Associa- 
tion with  such  books  and  stationery  as  may  be  required  for  their 
records  and  business,  and  shall  provide  members  and  fellows 
with  such  blank  forms  as  may  be  required  for  facilitating  the 
business    of    the    Association.      He    shall    collect    all    assessments 
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and  admission  fees,  and  notify  members  and  fellows  of  their 
election,  and  of  any  arrearages.  He  shall  receive,  and  bring  be- 
fore the  Council,  the  titles  and  abstracts  of  papers  proposed  to  be 
read  before  the  Association.  He  shall  keep  an  account  of  all 
receipts  and  expenditures  of  the  Association,  and  report  the 
same  annually  at  the  first  meeting  of  the  Council,  and  shall  pay 
over  to  the  Treasurer  such  unexpended  funds  as  the  Council  may 
direct.  He  shall  receive  and  hold  in  trust  for  the  Association 
all  books,  pamphlets,  and  manuscripts  belonging  to  the  Associa- 
tion, and  allow  the  use  of  the  same  under  the  provisions  of  the 
Constitution  and  the  orders  of  the  Council.  He  shall  receive  all 
•communications  addressed  to  the  Association  during  the  intervals 
between  meetings,  and  properly  attend  to  the  same.  He  shall  at 
each  meeting  report  the  names  of  fellows  and  members  who  have 
died  since  the  preceding  meeting.  He  shall  be  allowed  a  salary 
which  shall  be  determined  by  the  Council,  and  may  employ  one 
or  more  clerks  at  such  compensation  as  may  be  agreed  upon  by 

the  Council. 

Treasurer. 

Art.    15.   The    Treasurer    shall    invest    the   funds    received    by 

him  in   such  securities   as   may   be   directed   by  the   Council.      He 

shall  annually  present  to  the  Council  an  account  of  the  funds  in 

his  charge.      No  expenditure  of  the  principal  in  the  hands  of  the 

Treasurer  shall  be  made  without  a  unanimous  vote  of  the  Council, 

and  no  expenditure  of  the  income  received  by  the  Treasurer  shall 

be  made  without  a  two-thirds  vote  of  the  Council.      The  Treasurer 

shall  give  bonds  for  the  faithful  performance  of  his  duty  in  such 

manner  and  sum  as  the  Council  shall  from  time   to   time    direct. 

Secretaries  of  the  Sections. 
Art.  16.  The  Secretaries  of  the  Sections  shall  keep  the  records 
of  their  respective  Sections,  and,  at  the  close  of  the  meeting,  give 
the  same,  including  the  records  of  subsections,  to  the  General 
Secretary.  They  shall  also  be  the  Secretaries  of  the  sectional 
committees.  The  Secretaries  shall  have  seniority  in  order  of 
their  continuous  membership  in  the  Association. 

Vacancies. 
Art.    17.   In    case  of    a  vacancy  in  the  office  of  President,  the 
senior    Vice-President    shall    preside,    as    provided    in    Article    10, 
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until  the  General  Committee  can  be  assembled  and  the  vacancy 
filled  by  election.  Vacancies  in  the  offices  of  Vice-President, 
Permanent  Secretary,  Secretary  of  the  Council,  Secretaries  of  the 
Sections,  and  Treasurer,  shall  be  filled  by  the  Council  by  ballot. 

Council. 

Art.  iS.  The  Council  shall  consist  of  the  Past  Presidents,  and 
the  Vice-Presidents  of  the  last  two  meetings,  together  with  the  Presi- 
dent, the  Vice-Presidents,  the  Permanent  Secretary,  the  General  Sec- 
retary, the  Secretary  of  the  Council,  the  Secretaries  of  the  Sections, 
and  the  Treasurer  of  the  current  meeting,  of  one  fellow  elected  from 
each  Section  by  ballot  on  the  first  day  of  its  meeting,  of  one 
fellow  elected  by  each  affiliated  society,  and  one  additional  fellow 
from  each  affiliated  society  having  more  than  twenty-five  mem- 
bers who  are  fellows  of  the  Association,  and  of  nine  fellows  elected 
by  the  Council,  three  being  annually  elected  for  a  term  of  three 
vears.  The  members  present  at  any  regularly  called  meeting  of 
the  Council,  provided  there  are  at  least  five,  shall  form  a  quorum 
for  the  transaction  of  business.  The  Council  shall  meet  on  the 
day  preceding  each  annual  meeting  of  the  Association,  and  arrange 
the  program  for  the  first  day  of  the  sessions.  The  time  and  place 
of  this  first  meeting  shall  be  designated  by  the  Permanent  Secre- 
tarv.  Unless  otherwise  agreed  upon,  regular  meetings  of  the  Coun- 
cil shall  be  held  in  the  Council  room  at  9  o'clock  A.  M.,  on  each  day 
of  the  meeting  of  the  Association.  Special  meetings  of  the  Council 
mav  be  called  at  any  time  by  the  President.  The  Council  shall  be 
the  board  of  supervision  of  the  Association,  and  no  business  shall 
be  transacted  by  the  Association  that  has  not  first  been  referred 
to,  or  originated  with,  the  Council.  The  Council  shall  decide 
which  papers,  discussions,  and  other  proceedings  shall  be  published. 
and  have  the  general  direction  of  the  publications  of  the  Associa- 
tion; manage  the  financial  affairs  of  the  Association;  arrange  the 
business  and  programs  for  General  Sessions;  suggest  subjects  for 
discussion,  investigation  or  reports;  elect  members  and  fellows; 
and  receive  and  act  upon  all  invitations  extended  to  the  Associa- 
tion and  report  the  same  at  a  General  Session  of  the  Association. 
The  Council  shall  receive  all  reports  of  Special  Committees  and 
decide     upon     them,    and    only    such    shall    be     read    in    General 
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Session  as  the  Council  shall  direct.  The  Council  shall  appoint 
at  each  meeting  the  following  subcommittees  who  shall  act,  sub- 
ject to  appeal  to  the  whole  Council,  until  their  successors  are 
appointed  at  the  following  meeting:  t,  on  Papers  and  Reports; 
2,  on  Members;  3,  on  Fellows. 

General  Committee. 
Art.  19.  The  General  Committee  shall  consist  of  the  Council 
and  one  member  or  fellow  elected  by  each  of  the  Sections,  who 
shall  serve  until  their  successors  are  elected.  It  shall  be  the 
duty  of  the  committee  to  meet  at  the  call  of  the  President  and 
elect  the  general  officers  for  the  following  meeting  of  the  Associa- 
tion. It  shall  also  be  the  duty  of  this  committee  to  fix  the  time 
and  place  for  the  next  meeting.  The  Vice-President  and  Secre- 
tary of  each  Section  shall  be  recommended  to  the  General  Com- 
mittee by  the  Sectional  Committee. 

Meetings. 

Art.  20.  The  Association  shall  hold  a  public  meeting  annually, 
for  one  week  or  longer,  at  such  time  and  place  as  may  be  deter- 
mined by  vote  of  the  General  Committee,  and  the  preliminary 
arrangements  for  each  meeting  shall  be  made  by  the  Local  com- 
mittee, in  conjunction  with  the  Permanent  Secretary  and  such 
other  persons  as  the  Council  may  designate. 

But  if  suitable  preliminary  arrangements  cannot  be  made,  the 
Council  may  afterward  change  the  time  and  place  appointed  bv 
the  General  Committee,  if  such  change  is  believed  advisable,  by 
two-thirds  of  the  members  present. 

Art.  21.  A  General  Session  shall  be  held  at  10  o'clock,  A.  M., 
on  the  first  day  of  the  meeting,  and  at  such  other  times  as  the 
Council    may    direct. 

Sections  and  Subsections. 

Art.  22.  The  Association  shall  be  divided  into  Sections, 
namely: — A,  Mathematics  and  Astronomy;  B.  Physics;  C,  Chemistry, 
including  its  application  to  Agriculture  and  the  Arts;  D.  Mechanical 
Science  and  Engineering;  E,  Geology  and  Geography;  F,  Zoology; 
G,  Botany;  H,  Anthropology;  I,  Social  and  Economic  Science;  K, 
Physiology  and  Experimental  Medicine.      The  Council  shall   have 
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power  to  consolidate  any  two  or  more  Sections  temporarily,  and 
such  consolidated  Sections  shall  be  presided  over  by  the  senior 
Vice-President  and  Secretary  of  the  Sections  comprising  it. 

Sectional   Committees. 

Art.  23.  Immediately  on  the  organization  of  a  Section  there 
shall  be  a  member  or  fellow  elected  by  ballot  after  open  nomina- 
tion, who,  with  the  Vice-President  and  Secretary  and  the  Vice- 
President  and  Secretary  of  the  preceding  meeting,  and  the  members 
or  fellows  elected  by  ballot  at  the  four  preceding  meetings,  shall 
form  its  Sectional  Committee.  The  Sectional  Committees  shall 
have  power  to  rill  vacancies  in  their  own  numbers.  Meetings  of 
the  Sections  shall  not  be  held  at  the  same  time  with  a  General 
Session.  The  Sectional  Committee  may  invite  distinguished 
foreign  associates  present  at  any  meeting  to  serve  as  honorary 
members  of  said  Committee. 

Art.  24.  The  Sectional  Committee  of  any  Section  may  at  its 
pleasure  form  one  or  more  temporary  Subsections,  and  may  desig- 
nate the  officers  thereof.  The  Secretary  of  a  Subsection  shall, 
at  the  close  of  the  meeting,  transmit  his  records  to  the  Secretary 
of  the  Section. 

Art.  25.  No  paper  shall  be  read  in  any  Section  or  Subsection 
until  it  has  been  placed  on  the  program  of  the  day  by  the  Sec- 
tional Committee. 

Art.  26.  The  Sectional  Committees  shall  arrange  and  direct  the 
business  of  their  respective  Sections.  They  shall  prepare  the 
dailv  programs  and  give  them  to  the  Permanent  Secretary  for 
printing  at  the  earliest  moment  practicable.  No  titles  of  papers 
shall  be  entered  on  the  daily  programs  except  such  as  have  passed 
the  Committee.  No  change  shall  be  made  in  the  program  for  the 
day  in  a  Section  without  the  consent  of  the  Sectional  Committee. 
The  Sectional  Committees  may  refuse  to  place  the  title  of  any  paper 
on  the  program;  but  every  such  title,  with  the[abstract  of  the  paper  or 
the  paper  itself,  must  be  referred  to  the  Council  with  the  reasons 
why  it  was  refused.  The  Sectional  Committee  shall  also  make 
nominations  to  the  General  Committee  for  Vice-President  and 
Secretary  of  their  respective  Sections  as  provided  for  in  Article  19. 

Art.  27.  The  Sectional  Committees  shall  examine  all  papers 
and  abstracts  referred  to  the  Sections,  and  they  shall  not  place 
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on  the  program  any  paper  inconsistent  with  the  character  of 
the  Association;  and  to  this  end  they  have  power  to  call  for  any 
paper,  the  character  of  which  may  not  be  sufficiently  understood 
from  the  abstract  submitted. 

Papers   and  Communications. 

Art.  2S.  All  members  and  fellows  must  forward  to  the  Secre- 
tary of  the  proper  Section  or  to  the  Permanent  Secretary,  as 
early  as  possible,  and  when  practicable  before  the  convening  of 
the  Association,  full  titles  of  all  the  papers  which  they  propose 
to  present  during  the  meeting,  with  a  statement  of  the  time  that 
each  will  occupy  in  delivery,  and  also  such  abstracts  of  their 
contents  as  will  give  a  general  idea  of  their  nature;  and  no  title 
shall  be  considered  by  a  Sectional  Committee  until  an  abstract 
of  the  paper  or  the  paper  itself  has  been  received. 

Art.  29.  If  the  author  of  any  paper  be  not  ready  when  called 
upon,  in  the  regular  order  of  the  official  program,  the  title  may 
be  dropped  to  the  bottom  of  the  list. 

Art.  30.  Whenever  practicable  the  proceedings  and  dis- 
cussions at  General  Sessions,  Sections  and  Subsections,  shall  be 
reported  by  professional  reporters,  but  such  reports  shall  not 
appear  in  print  as  the  official  reports  of  the  Association  unless 
revised  by  the  Secretaries. 

Printed  Proceedings. 
Art.  31.  The  Permanent  Secretary  shall  have  the  Proceedings 
of  each  meeting  printed  in  an  octavo  volume  as  soon  after  the 
meeting  as  possible,  beginning  one  month  after  adjournment. 
Authors  must  prepare  their  papers  or  abstracts  ready  for  the 
press,  and  these  must  be  in  the  hands  of  the  Secretaries  of  the 
Sections  before  the  final  adjournment  of  the  meeting,  otherwise 
only  the  titles  will  appear  in  the  printed  volume.  The  Council 
shall  have  power  to  order  the  printing  of  any  paper  by  abstract 
or  title  only.  Whenever  practicable,  proofs  shall  be  forwarded  to 
authors  for  revision.  If  any  additions  or  substantial  alterations 
are  made  by  the  author  of  a  paper  after  its  submission  to  the 
Secretary,  the  same  shall  be  distinctly  indicated.  Illustrations  must 
be  provided  for  by  the  authors  of  the  papers,  or  by  a  special 
appropriation  from  the    Council.      Immediately  on    publication  of 
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the  volume,  a  copy  shall  be  forwarded  to  every  member  and  fellow 
of  the  Association  who  shall  have  paid  the  assessment  for  the 
meeting  to  which  it  relates,  and  it  shall  also  be  offered  for  sale 
by  the  Permanent  Secretary  at  such  price  as  may  be  determined 
by  the  Council.  The  Council  shall  also  designate  the  institutions 
to  which  copies  shall  be  distributed. 

Local  Committee. 

Art.  32.  The  Local  Committee  shall  consist  of  persons  in- 
terested in  the  objects  of  the  Association  and  residing  at  or  near 
the  place  of  the  proposed  meeting.  It  is  expected  that  the  Local 
Committee,  assisted  by  the  officers  of  the  Association,  will  make 
all  essential  arrangements  for  the  meeting,  and  issue  a  circular 
giving  necessary  particulars,  at  least  one  month  before  the  meet- 
ing. 

Library  of  the  Association. 

Art.  33.  All  books  and  pamphlets  received  by  the  Association 
shall  be  in  charge  of  the  Permanent  Secretary,  who  shall  have  a 
list  of  the  same  printed  and  shall  furnish  a  copy  to  any  member 
or  fellow  on  application.  Members  and  fellows  who  have  paid 
their  assessments  in  full  shall  be  allowed  to  call  for  books  and 
pamphlets,  which  shall  be  delivered  to  them  at  their  expense 
on  their  giving  a  receipt  agreeing  to  make  good  any  loss  or 
damage,  and  to  return  the  same  free  of  expense  to  the  Secretary 
at  the  time  specified  in  the  receipt  given.  All  books  and  pamphlets 
in  circulation  must  be  returned  at  each  meeting.  Not  more  than 
rive  books,  including  volumes,  parts  of  volumes,  and  pamphlets, 
shall  be  held  at  one  time  by  any  member  or  fellow.  Any  book 
may  be  withheld  from  circulation  by  order  of  the  Council.  [The 
Library  of  the  Association  was,  by  vote  of  the  Council  in  1895, 
placed  on  deposit  in  the  Library  of  the  University  of  Cincinnati, 
Ohio.  Members  can  obtain  the  use  of  books  by  writing  to  the 
Librarian  of  the  University  Library,  Cincinnati,   Ohio.] 

Admission   Fee  and   Assessments. 

Art.  34.  The  admission  fee  for  members  shall  be  five  dollars 
in  addition  to  the  annual  assessment.  On  the  election  of  any 
member  as  a  fellow  an  additional  fee  of  two  dollars  shall  be  paid. 
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Art.  35.  The  annual  assessment  for  members  and  fellows  shall 
be  three   dollars. 

Art.  36.  Any  member  or  fellow  who  shall  pay  the  sum  of 
fifty  dollars  to  the  Association,  at  any  one  time,  shall  become  a 
Life  Member,  and  as  such  shall  be  exempt  from  all  further  assess 
ments,  and  shall  be  entitled  to  the  Proceedings  of  the  Association. 
All  money  thus  received  shall  be  invested  as  a  permanent  fund, 
the  income  of  which,  during  the  life  of  the  member,  shall  form  a 
part  of  the  general  fund  of  the  Association;  but,  after  his  death, 
shall  be  used  only  to  assist  in  original  research,  unless  otherwise 
directed  by  unanimous  vote  of  the  Council. 

Art.  37.  All  fees  and  assessments  must  be  paid  to  the  Per- 
manent Secretary,  who  shall  give  proper  receipts  for  the  same. 

Accounts. 

Art.  $8.  The  accounts  of  the  Permanent  Secretary  and  of  the 
Treasurer  shall  be  audited  annually  by  Auditors  appointed  by 
the  Council. 

Alterations  of  the  Constitution. 

Art.  39.  No  part  of  this  Constitution  shall  be  amended  or 
annulled,  without  the  concurrence  of  three-fourths  of  the  members 
and  fellows  present  in  General  Session,  after  notice  given  at  a 
General  Session  of  a  preceding  meeting  of  the  Association. 
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MEMBERS  AND  FELLOWS 

OF    THE 

AMERICAN   ASSOCIATION 


FOR     THE 


ADVANCEMENT   OF   SCIENCE. 

(Corrected  to  July  15,  7902.) 

SURVIVING    FOUNDERS. 

[At  the  Brooklyn  Meeting,  1S94.  a  resolution  was  unanimously 
adopted  by  which'  all  the  surviving  founders  of  the  Association 
who  have  maintained  an  interest  in  science  were  made  Honorary 
Life  Members  of  the  Association  in  recognition  of  their  pioneer 
work  in   American  Science.] 

Abbot,    Samuel    L.,    Boston,    Mass. 

Boy*e,  Martix  H.,  Coopersburg,  Pa. 

Gibbs,   Wolcott,    Newport,    R.   I. 

PATRONS. 

[Persons  contributing  one  thousand  dollars  or  more  to  the  Association  are  classed  as 
Patrons,  and  are  entitled  to  the  privileges  of  members  and  to  the  publications.  The  names  of 
Patrons  are  to  remain  permanently  on  the  list.  1 

Thompson-.   Mrs.    Elizabeth,   Stamford,  Conn.    (22).      (Died  July 

1899.) 
Lilly.    Gen.VWilliam,    Mauch   Chunk,  Pa.    (28).      (Died    Dec.  1, 

1893-) 
Herrmax.  Mrs.'Esther,  59  West  56th  St.,  New  York,  N.  Y.  (29). 
McMii.lix,  Emerson,  40  Wall  St.,  New   York,  N.  Y.   (37). 

HONORARY  FELLOWS. 
[See  Article  VI  of  the  Constitution.] 

♦Rogers.  Prof.  William  B.,  Boston,  Mass.  (1).  1881.  (Born  Dec. 

7.    1804.      Died   May   30.    1882.)    B  E 
*Chevreul,    Michel    Eugene,    Paris,   France.    (35).    1886.    (Born 

Aug.  31,  1786.      Died  April  9,  1889.)  C 
*GENTH,   Dr.    F.   A.,   Philadelphia,   Pa.    (24).    1888.   (Born  May   17, 

1820.      Died  Feb.  2,   1892.)  C  E 
*Hai.l.    Prop.   James,   Albany,   N.    V.    (1).    1890.    (Born  in   1811. 

Died    Any.    7,    189S.) 
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*Gould,  Dr.  Benjamin  Apthorp,  Cambridge,  Mass.  (2).  c.89.5. 
(Born  Sept.  27,  1824.      Died  Nov.  26.  1896.)  A  B 

*Leuckart,  Prof.  Rudolf.  (44).  1895.  (Born  in  Helmstedt, 
Braunschweig,  Germany.  Oct.  7,  1823.  Died  in  Leipzig, 
Feb.    7,    1898.)    F 

*Gibbs,  Prof.   Wolcott,  Newport,   R.   I.    (1).    1S96.   B  C 

*Warington,  Robert,  F.  R.  S.,  Rothamsted,  Harpenden,  Eng- 
land.   (40).      1899.   C 

♦Westinghouse,  George.  Pittsburg,  Pa.  (50).  1002.  D 

MEMBERS    AND    FELLOWS. 

The  names  designated  by  an  asterisk  (*)  are  those  of  Fellows.  (See  Article  IV  of  the 
Constitution.)  The  number  in  parenthesis  indicates  the  meeting  at  which  the  Member  joined 
the  Association  ;  the  date  following  is  the  year  when  made  a  Fellow  ;  the  black  letters  at  end 
of  line  are  those  of  the  Sections  to  which  the  Member  or  Fellow  belongs.  When  the  name  is 
given  in  small  capitals,  it  designates  that  the  Member  or  Fellow  is  also  a  Life  Member.  Any 
Member  or  Fellow  may  become  a  Life  Member  by  the  payment  of  fifty  dollars.  The  income 
of  the  money  derived  from  a  life  membership  is  used  for  the  general  purposes  of  the  Association 
during  the  life  of  the  Member ;  afterwards  is  is  to  be  used  to  aid  in  original  research.  Life 
Members  are  exempt  from  the  annual  assessment,  and  are  entitled  to  the  publications.  The 
names  ol  Life  Members  are  printed  in  small  capitals  in  the  regular  list  of  Members  and  Fellows. 

The  Constitution  requires  that  the  names  of,all  Members  two  years  in  arrears  shall  be 
omitted  from  the  list,  but  their  names  will  be  restored  on  payment  of  arrearages.  Members  not 
in  arrears  are  entitled  to  the  publications  of  the  Association,  including  the  journal  Science. 

*Abbe,  Cleveland,   Professor  of  Meteorology,  Weather  Bureau,  U. 

S.    Dept.    Agriculture,  Washington,  D.  C.   (16).     1874.     A  B 
*Abbe,    Cleveland,    Jr..    2017    I    St.,    N.    W.,    Washington,     D.     C. 

(44).   1S90.      E 
*Abbe,  Dr.   Robert,   13  W.   50th  St.,   New  York,   N.  Y.   fo6)..- 1892. 
*Abbot,  Charles  G.,   Smithsonian  Institution,  Washington,    D.    C. 

(49)-      i9°2      B 
Abbot,    Francis    Ellingwood,    Ph.D.,   43   Larch  Road,  Cambridge, 

Mass.      (50).   I 
*Abbot,   Dr.   Samuel  L.,  90   Mt.   Vernon  St.,   Boston,   Mass.    (1). 

1S9S. 
Abbott,    Frank  L.,    Professor  of   Physical   Science,  State  Normal 

School,  Greeley,  Colo.   (50).   B  E 
Abel,   John  J.,    Professor  of   Pharmacology,  Johns  Hopkins  Uni- 
versity, Baltimore,   Md.   (51).   C 
*Abert,    S.    Thayer,    Metropolitan   Club,    Washington,    D.    C.    (30). 

1S91.  ABE 
Abraham,  Abraham,  Brooklyn,  N.  Y.   (43). 
Acheson,     Edward     Goodrich,     President     of     the    International 

Acheson  Graphite  Co.,  Niagara  Falls,  N.  Y.   (50).  C 
Adams,  Comfort  A.,   13   Farrar  St..  Cambridge,   Mass.   (47). 
Adams,   C.   C,   University  of  Chicago,   Chicago,   111.    (50).    F 

(41) 


MEMBERS     AND    FELLOWS. 

Adams,  C.  E.,  M.    D.,  29  West  Broadway,  Bangor,  Me.   (43).  F 
Adams,  Edward  Dean,  35  Wall  St.,  New  York,  N.  Y.  (49). 
Adams,    Ernest   Kempton,   455  Madison   Ave.,    New  York,  N.  Y. 

(5°)-    D   E 
Adams,    Frederick    C,   Classical    High   School,    Providence,   R.  I. 

(50).  B  C 
Adler,  I..  M.  D.,  12  E  60th  St.,  New  York,  N.  Y.  (49). 
*Adriance,  John  S.,  105  E.  39th  St.,  New  York,  N.  Y.  (39).  1895.  C 
Ainsworth,  Herman  Reeve,  M.  D.,  Addison,  N.  Y.  (51).  I  K 
Albaugh,     Maurice,     Secretary    of    the   Crescent    Metallic   Fence 

Stay  Co.,  Covington,  Ohio.  (51).  D 
Albrecht,    Emil   Poole,    Secretary  of  The  Bourse,  1523   No.    17th 

St.,  Philadelphia,  Pa.   (51).  A  D 
Albree,    Chester    B.,     Mechanical    Engineer,    14-30    Market   St., 

Allegheny,  Pa.   (50).   D 
*Alden,  John,   Pacific  Mills,   Lawrence,   Mass.   (36).   1898. 
Alderson,  Victor  C,   Dean  of  the  Technical  College,  Armour  In- 
stitute of  Technology,  Chicago,  111.  (50).  D 
Aldis,   Owen   F.,   230  Monadnock  Block,   Chicago,   111.    (41).    H 
♦Aldrich,  Wm,  S.,  Director,  Thomas  S.  Clarkson  Memorial  School 

of  Technology,  Potsdam,  .N.  Y.   (43).   1897.   D 
Alexander,    Chas.    Anderson,    M.    E.,   Johnston  Harvester  Co.,  10 

Vine  St.,  Batavia,  N.  Y.  (50).  D 
Alexander,    Curtis,    Mining    Engineer,    Spearfish,   South   Dakota. 

(50).    E 
Alexander,  George  E. ,  Chemist  and  Mining  Engineer,  1736  Champa 

St.,  Denver,  Colo.  (50).  C  D 
Alexander,  Harry,  E.  E.,  M.  E.,  18  and  20  W.  34th  St.,  New  York, 

N.   Y.    (50).   D 
Aley,   Robert  J.,   Indiana  Univ.,   Bloomington,   Ind.    (49). 
Alford,  William  V.,  Garrettsville,  Ohio.  (48).   E  H 
Allan,  Chas.  F.,  Newburgh,  N.  Y.  (50).  B  E 

Allderdice,  Wm.  H.,  Lieutenant  U.  S.  Navy,  Navy  Dept.  Wash- 
ington, D.  C.  (33).  D 
Alleman,    Gellert,    Ph.    D.,    Instructor  in  Chemistry,  Washington 

University,  St.  Louis,  Mo.   (50).  C 
Allen,  C.  L.,  Floral  Park,  N.  Y.  (49). 
Allen,  Frank,  315  Dryden  Road,  Ithaca,  N.  Y.  (49).  B 
Allen,   H.  Jerome,   M.    D.,   421    H   St.,    N.E.,   Washington,    D.   C. 

(51).  K 
Allen,  J.    M.,   President  of  the  Hartford  Steam  Boiler  Inspection 

and  Insurance  Co.,  Hartford,  Conn.   (22).  D 
Allen,    John     Robins,     Asst.     Prof,    of    Mechanical   Engineering, 

University  of  Michigan,  Ann  Arbor,  Mich.   (45).    B  D 
Allen,    Richard   H.,  Chatham,   N.  J.    (49).. 
♦Allen,  Dr.  T.  F.,  3  E.  48th  St.,  New  York,  N.  Y.  (35).  1887.  G 
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Allen,  Walter  S.,  34  S.  Sixth  St.,  New  Bedford,  Mass.  (39).  C  I 

Allison,   Charles   Edward,    M.    D.,   Elysburg,   Pa.    (51).    K 

Allison,  Hendery,  M.   D.,  Manhattan  State  Hospital,  East,  P.  O. 
Sta.  U,  New  York,  N.  Y.   (50).   K 

Allyn,    G.    W.,    M.    D.,    Secretary   Academy   of  Science   and  Art, 
515   Penn.  Ave.,   Pittsburg,  Pa.   (51).   F 

Almond,    Thomas   R.,    M.    E.,    83-85   Washington   St.,  Brooklyn, 
N.  Y.  (Si).  D 
*Almy,  John  E.,   Ph.   D.,   Instructor  in  Physics,   University  of  Ne- 
braska, Lincoln,  Neb.  (50).  1901.   B 

Alpers,  Wm.  C,  45  West  31st  St.,  New  York,  N.  Y.   (5c).  I 

Alsop,  E.  B.,  541  Wood  St.,  Pittsburg,  Pa.  (50).  D 

Alspach,  E.   F.,  455   West  Sixth  Ave.,  Columbus,  O.   (48).    H 
*Alvord,    Maj.     Henry   E.,    U.    S.     Dept.   Agriculture,   Washington, 

D.  C.   (29).   18S2.     I 
*Alwood,    Prof.    Wm.    B.,    Agricultural    and    Mechanical    College 
and  Experiment  Station,   Blacksburg,  Va.   (39).   189 1.     F 

Ames,   Oakes,  Assistant   Director  of  the   Botanic   Garden  of  Har- 
vard University,   North  Easton,  Mass.   (50).     G 

Amnions,  Miss  Theodosia  G.,  Professor  of  Domestic  Science,  State 
Agricultural  College,  Fort  Collins,  Colo.  (50).    I 

Amundson,  John  A.,   146  Broadway,  New  York,  N.  Y.   (49). 

Amweg,    Frederick  James,    Civil    and   Consulting   Engineer,    Box 
537,  Honolulu,  H.  T.  (51).     D 

Anders,   Howard  S.,    M.  D.,    1836   Wallace  St.,  Philadelphia,  Pa. 

(Si)-     K 
Anderson,  A.  J.  C,   127  Water  St.,  New  York,  N.  Y.   (49). 
*Anderson,  Alexander  P.,   N.   Y.   Botanical  Garden,   Bronx  Park, 

New  York,  N.  Y.   (45).   1S99.     G 
Anderson,    Prof.    Douglas    S.,   Tulane   Univ.,    New  Orleans,    La. 

(49)-    B  D 
Anderson,   Edwin  Clinton,    M.    D.,7  26  Market  St.,  Chattanooga, 

Tenn.   (51).     K 
Anderson,   Frank,   E.    M.,   255   Second  East  St.,   Salt  Lake  City, 

Utah,   (50).     D  E 
Anderson,   Frank  P.,   Epworth,   Iowa.    (46). 
Anderson,   J.    Hartley,    M.    D.,   4630    Fifth   Ave.,    Pittsburg,    Pa. 

(50).  K 
Anderson,  James  Thomas,  Lieutenant  U.  S.  Army,  n  12  N.  Cascade 

Ave.,   Colorado   Springs,   Colo.    (51). 
Anderson,  Winslow,  M.  D.,  President  of  College  of  Physicians  and 

Surgeons  of   San    Francisco,  1025    Sutter   St.,   San    Francisco, 

Cal.    (51).     K 
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Schuyler,   Philip. 

Ithaca. 
Allen,  Frank,  315  Dry  den  Road. 
Atkinson,  George  F.,  Cornell  University. 
Bancroft,   Wilder   Dwight,   Cornell   University. 
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Adriance,  John  S.,  105  East  39th  Street. 
Alexander,  Harry,  18  and  20  West  34th  Street. 
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Beers,   M.   H.,  410  Broadway. 
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Caswell,  W.  H.,  201  West  55th  Street. 

Cat  heart.  Miss  J.  R.,  The  Barnard. 
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Davis,  J.  Woodbridge,    523   West    173d   Street. 

Davis,  William  Harper,  Columbia  University. 

Day,  William  Scofield,  Columbia  University. 

de  Coppet,  Henry,  22  West  17th  Street. 

de  Forest,  Robert  W.,  30  Broad  Street. 
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Dodge,   Richard   E.,   Columbia   University. 
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Dunham,  Edward  K.,  338  East  26th  Street. 
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Fox,  William,  College  of  the  City  of  New  York. 

Fraenkel,  Joseph,  46  East  75th  Street. 

Frankland,  Frederick  W.,  346  Broadway. 

Freeborn,  George  C,  215  West  70th  Street. 
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Wood,  Walter,  400  Chestnut  Street. 

Phoenixville. 
Deans,  John  S.,  Phoenix  Bridge  Company. 

Pitcairn. 
Beatty,   James   W.    F. 

Pittsburg. 
Allyn,  G.  W.,  515   Penn  Avenue. 
Alsop,  E.   B.,  541   Wood  Street. 
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Anderson,  J.  Hartley,  4630  5th  Avenue. 

Asdale,  Wm.  J.,  5523  Ellsworth  Avenue. 

Baggalcy,  Ralph. 

Barnes,  Lemuel  C,  310  Oakland  Avenue. 

Barnsley,  Geo.  T.,  64  Water  Street. 

Bland,  John  C,  1003  Penn  Avenue. 

Buchanan,  James   I.,   6108  Walnut  Street. 

Church,  Samuel  H.,  1003  Penn  Avenue. 

Converse,   Vernon  G.,    15th  Street  and   Liberty  Avenue. 

Coster,  Wm.   H,,   Department  of  Public  Works. 

Daggette,  Alvin  S.,  400  South  Craig  Street. 

Dempster,  Alexander,  Stanton  and  Euclid  Avenues. 

Ely,  Sumner  B.,  Vandergrift  Building. 

English,  William  Thompson,  Western  University  of  Pennsylvania. 

Falconer,  William,  Schenley  Park. 

Fisher,  Henry  Wright,  S.  U.  Cable  Company. 

Hatcher,  John  Bell,  Carnegie  Museum. 

Herron,  John   Brown,   South   Linden   Avenue,    E.    E. 

Holland,   W.   J.,   Carnegie   Museum. 

Kann,  Myer  M.,  Station  B. 

Kay,  James  I.,  426  Diamond  Street. 

Keller,  Emil  E.,  P.  0.  Box  452. 

Kirk,  Arthur,  910  Duquesne  Way. 

Knowles,   Maurice,   5656  Callowhill  Street. 

Koenig,  Adolph,   122  9th  Street. 

Lange,  Philip  A.,  Westinghouse  Electric  and  Mfg.  Company. 

Lauder,  George,  7403  Penn  Avenue. 

Macbeth,  George  A. 

McClelland,  James  H.,   5th  and  Wilkins  Avenues. 

McDermott,   Rev.   P.   A.,    Pittsburg  College  of  the   Holy  Ghost. 

Macfarlane,  James  R.„  Academy  of  Science  and  Art. 

McKelvy,  William  H.,  420  6th  Avenue. 

Mellor,  Charles  C,  319  5th  Avenue. 

Metcalf,  Orlando,  424  Telephone  Building. 

Metcalf,  William. 

Negley,   Henry  Hillis,  600   North  Negley  Avenue. 

Nicola,  Frank  F.,  cor.  Wood  Street  and  6th  Avenue. 

Osborne,  Loyal  Allen,  Westinghouse  Electric    and  Mfg.  Company. 

Phipps,  Lawrence  C,  Carnegie  Building. 

Porter,  Henry  K.,  541  Wood  Street. 

Potter,  William  Plumer,  304  St.  Clair  Street. 

Reed,  James  H.,  Amberson  Avenue. 

Roberts,  Thomas  Paschall,  361  North  Craig  Street. 

Rynearson,   Edward,  Central   High  School. 

Scaife,  William  L.,  28th  Street. 

Scott,  Charles  F.,  Westinghouse  Electric  and  Mfg.  Company. 


pottsville. 
Radnor. 
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Scott,  William,  450  4th  Avenue. 

Shafer,  John  A.,  Carnegie  Museum. 

Shaw,  Wilson  A.,   Norwood  Avenue,  cor.   Forbes  Avenue. 

Smith,  Herbert  H.,  Carnegie  Museum. 

Stewart,  Douglas,  Carnegie  Museum. 

Storer,  Norman  W.,  6109  Howe  Street. 

Swensson,  Emil,  55 11   Hays  Street. 

Taylor,  Edward  B. 

Thaw,   Benjamin,   Morewood  Place. 

Thaw,  Mrs.  William,  Box  1086. 

Tonnele,  Theodore,  919  College  Avenue. 

Van  Gundy,  M.  C,  Center  Avenue  and  Craig  Street. 

Van  Valkenburg,   Hermon  L.,  Amber  Club. 

Wardlaw,    George   A.,    Amber   Club. 

Webster,   Frederick  S.,   Carnegie  Museum. 

Westinghouse,    George. 

Wilkins,    William    G.,    Westinghouse    Building. 

Wurts,    Alexander  Jay,    Garrison   Alley   and   Fayette   Street. 

Pittston. 
Berry,    John   Wilson. 

Sheafer,   A.    W. 

Rand,  Theodore  D. 

Reading. 
Brown,  Joseph  Stanford,  241  South  Fifth  Street. 
Bryson,    Andrew,    Brylgon    Foundry. 

Rockland. 
Taylor,    J.     Erskine. 

Scranton. 
Boies,   Henry   Martyn,    530   Clay  Avenue. 
Clark,  John  Jesse,  International  Correspondence  Schools. 
Kay,  Thomas  Wiles,   345  Wyoming  Avenue. 
Richmond,  William  Henry,  3425  North  Main  Avenue. 
Scharar,  Christian  H.,  2073  North  Main  Avenue. 

Sewickley. 
Stanton,    Robert  Brewster. 

Sharpsville. 
West,  Thomas  Dyson,  T.  D.  West  Engraving  Co. 

Smethport. 
Scull,    Miss    Sarah    A. 

South    Bethlehem. 
Barrc-11,    Joseph,     Lehigh     University. 
Brown,    Harold   W.,    Lehigh    University. 
Cleaver,  Albert  M. 

Drown,   Thomas  M.,   Lehigh   University. 
Franklin,   William  S.,   Lehigh    University. 
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Frazier,    B.    W.,    Lehigh    University. 
Macfarlane,    A.,    Lehigh    University. 
MacNutt,    Barry,    Lehigh    University. 
Merriman,    Mansfield,    Lehigh    University. 
Sayre,    Miss  Clara   B. 
Sayre,   Robert  H. 
Schenck,   Charles  C. 
Thomburg,  Charles  L.,  Lehigh  University. 

State  College. 
Buckhout,    W.    A. 
Frear,  William. 
Osmond,  I.  Thornton. 
Pond,    G.    Gilbert. 
Surface,   H.   A. 
Towle,   William   Mason. 
Wadsworth,     M.     Edw. 

Swarthmore. 
Cunningham,   Susan  J.,   Swarthmore  College. 
Hoadley,   George  A.,   Swarthmore  College. 
Stine,    W.    M.,    Swarthmore    College. 

Upper  Darby. 
Doolittle,  C.  L. 

Pinkerton,    Andrew. 
Ross,    F.    G. 

Morris,  F.  W. 

Warren. 
Guth,    Morris  S.,    Milwaukee   County    Hospital. 
Jefferson,    J.    P. 
Lindsey,  Edward. 

Washington. 

McAdam,  D.  J.,  Washington  and  Jefferson  College. 

Waynesburg. 
Turner,  Archelaus  E.,  Waynesburg  College. 

West  Chester. 
Cochran,  C.  B.,  514  South  High  Street. 
Farquhar,   Miss  Helen,    Normal  School. 

West    Fairview. 
B ashore,    Harvey    B. 

WlLKENSBURG. 

Grant,   Willis   Howard,    744   South  Avenue. 
Newell,   Frank  Clarence,  434  Rebecca  Avenue. 

Wilkes-Barre. 
Dean,   William   H.,    167   West    River  Street. 
Ricketts,     R.     Bruce. 
Taylor,   Lewis  H.,   83  South  Franklin  Street. 
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WlLMERDING. 

Westinghouse,    Henry    Herman. 

Wyncote. 
Crawley,     Howard. 

PHILIPPINE  ISLANDS. 
Cavite. 
Winterhaltcr,    A.    G.,    Naval   Station. 

Manila. 
McCauley,  C.  A.  H. 
Russell,    A.     H. 

Thomas,  Jerome  B.,  care  of  Chief  Surgeon. 
Worcester,    Dean  C. 

PORTO   RICO. 
Ponce. 
Domenech,  Manuel  V.,  Lock  Box  220. 

San  Juan. 
Berkeley,    William    N.,    Box   65. 
Delafond,   E.,   P.    O.    Box   252. 

RHODE   ISLAND. 

Howard. 
Keene,    George    F. 

Kingston. 
Card,    Fred    W. 

Merrow,  Miss  Harriet  L.,  College  of  Agriculture  and  Mechanic  Arts. 
Scott,    Arthur   Curtis. 

Matunuck. 
Matlack,  Charles,   "Hidden   Hearth." 

Newport. 
Emmons,     Arthur     B. 
Gibbs,     Wolcott. 
Mearns,    Edgar  A.,   Fort  Adams. 
Wheatland    Marcus  F.,  84  Johns  Street. 

Peace   Dale. 
Hazard,    R.   G. 

Providence. 
Adams,  Frederick  C,  Classical  High  School. 
Appleton,  John  Howard,   Brown  University. 
Barus,  Carl,  Wilson  Hall,   Brown  University. 
Cady,  Walter  G.,  127  Power  Street. 
Catlin,  Charles  A.,  133  Hope  Street. 
Delabarre,    E.    B.,    Brown   University. 
Hill,   John    Edward,    Brown    University. 
Lowell,    Russell  C,    167  Ohio  Avenue. 
Marlatt,  Miss  Abby  L.,  Manual  Training  High  School. 
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Miller,  Horace  George,  189  Bowen  Street. 

Packard,   A.   S.,    115   Angell  Street. 

Palmer,  Albert  De  Forest,  Brown  University. 

Slocum,    Frederick,    Ladd    Observatory. 

Tilley,  Charles  Edward,  Hope  Street  High  School. 

Upton,   Winslow,    Ladd   Observatory. 

Woodward,  William  Carpenter,  5  Charles  Field  Street. 

Woonsocket. 
Marble,    Miss    Sarah. 

SOUTH  CAROLINA. 

Aiken. 
McGahan,    Charles    F. 

Charleston. 
Ashley,  George  H.,  College  of  Charleston. 

Clemson     College. 
Barnes,     Albert. 
Brackett,   Richard  N. 
Brodie,  Paul  T. 
Lewis,  Joseph  Volney. 
McDonnell,   Curtis   C. 
Riggs,   Walter   M. 

Columbia. 
Kendall,   Francis  D.,   1309  Plain  Street. 


Burdell,  W.  J. 
Knox,    Francis    H. 


Lugoff. 
Spartanburg. 


SOUTH   DAKOTA. 

Brookings. 
Chilcott,    Ellery   C,   Agricultural   College. 
Heston,  John  W.,  Agricultural  College. 

Hurley. 
Ellis,    Robert   W. 

Mitchell. 
Fulmer,   Edward  Lawrence,   Dakota   University. 

Rapid   City. 
McLaury,  Howard  L.,  School  of  Mines. 
O'Hara,  Cleophas  Cisney,  School  of  Mines. 
Slagle,    Robert   Lincoln. 

Redfield. 
Arnold,  Jacob  H.,  Redfield  College. 

Spearfish. 
Alexander,  Curtis. 
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Vermillion. 
Droppers,  Garrett,  State  University. 
Todd,  James  E.,  State  University. 

TENNESSEE. 

Chattanooga. 

Anderson,  Edwin  Clinton,  726  Market  Street. 

Knoxville. 

Bain,  Samuel  M.,  University  of  Tennessee. 

Dabney,  Charles  W.,  University  of  Tennessee. 

Fulton,  Weston  Miller,  University  of  Tennessee. 

Perkins,  Charles  Albert,   University  of  Tennessee. 

Lebanon. 

Waterhouse,  James  Smartt,  Cumberland  University. 

Memphis. 

Cook,  James  B.,  Randolph  Building. 

Nashville. 
Buist,  John  Robinson. 

Daniel,  John,  Vanderbilt  University. 

Dudley,  William  L.,   Vanderbilt  University. 

Glenn,  L.  C,  Vanderbilt  University. 

Hollinshead,  Warren  H.,  Vanderbilt  University. 

Kelley,  John  Harris,  315  North  Vine  Street. 

Kirk,  Elliott  W.,  Wesley  Hall. 

McGill,  John  T.,  Vanderbilt  University. 

Thruston,  Gates  Phillips. 

Waller,  Coleman  Bailey,  Vanderbilt  University. 

Sewanee. 

Barton,  Samuel  M.,  University  of  the  South. 

Hall,  William  Bonnell,  University  of  the  South. 

Quintard,  Edward  A. 

TEXAS. 

Austin. 
Bray,  William  L.,  University  of  Texas. 
Duval,  Edmund  P.  R.,  2006  University  Avenue. 
Ferguson,  Alexander  McGowan,  University  of  Texas. 
Halsted,  George  Bruce,  2407  Guadaloupe  Street. 
Harper,  Henry  Winston,  University  of  Texas. 
Lowber,  James  William,  113  East  18th  Street. 
Mezes,  Sidney  Edward,  University  of  Texas. 
Pearce,  James  Edwin,  309  West  10th  Street. 
Prather,  William  L.,  19 14  Nueces  Street. 
Rucker,  Miss  Augusta,  University  of  Texas. 
Sutton,  W.  S.,  1812  Congress  Avenue. 
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Simonds,  Frederic  W.,  University  of  Texas. 
Smith,  Matthew  Mann. 

Smith,  Q.  Cincinnatus,  617  Colorado  Street. 
Wheeler,  William  Morton,  University  of  Texas. 
Wooten,  J.  S. 

Belton. 
Wells,  Eliab  Horatio,  Baylor  Female  College. 

Brunner. 
Fuller,   Arthur  Levens. 

College   Station. 
Mally,  Frederick  William,  Agricultural  and  Mechanical  College. 
Naglc,  James  C,  Agricultural  and  Mechanical  College. 
Ness,  Hege,  Agricultural  and  Mechanical  College. 
Price,   Robert  Henderson,  Agricultural  and  Mechanical  College. 
Puryear,  Chas.,  Agricultural  and  Mechanical  College. 
Tilson,  P.  S.,  Agricultural  and  Mechanical  College. 


Columbus. 

Corpus  Christi. 
Dallas. 
Denison. 
Denton. 


Harrison,  Robert  Henry 
Simpson,  Friench,  Jr. 

Spohn,  Arthur  Edward. 

Hasic,   Montague  S., 

Munson,  T.  V. 

Long,  William  H.,  Jr., 

Fort  Worth. 
Heller,  Napoleon  B.,  Fort  Worth  University. 

Galveston. 
Dudgeon,  H.  R.,  School  of  Medicine,  University  of  Texas. 
Jones,  Charles  C. 

Smith,  Allen  J.,  School  of  Medicine,   University  of  Texas. 
Thompson,  James  Edwin,  3224  Broadway. 

Georgetown. 
Duncan,  Fred.  N. 

Le  Grand,  Leroy. 

Montgomery,    Edmund. 

Houston. 
Daviss,  Edward  P.,   205-6  Binz  Building. 
Dumble,  E.  T.,  1708  Prairie  Avenue. 
Tompkins,  Stonewall,  1602  McKinney  Avenue. 

Huntsville. 
Coleman,  Walter,  Sam  Houston  Normal  Institute. 
Halley,    Robert   Burns,   Sam  Houston   Normal   Institute. 
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McKlNNEY. 

Curtis,   Geo.   W. 

Rogers. 
Thomas,  George  T. 

San   Antonio. 
Brackenridge,  George  W. 
Braunnagel,  Jules  L.  A.,  P.  O.  Box  925. 
Varney,  A.  L.,  San  Antonio  Arsenal. 

Stephenville. 
Boon,  John  Daniel. 

Temple. 
Miller,  Pleasant  T.,  S16  North  9th  Street. 

Texarkana. 
Sheppard,  Morris. 

Tyler. 
Herndon,  John  Henry. 

Victoria. 
Crouse,  Hugh  Woodward. 
Smith,  Felix  Ezell. 

Waco. 
Carroll,  James  J. 
Charlton,  Orlando  C. 
Cole,  W.  F. 

Whitewright. 
Butler,   Frank  Edward,   Grayson  College. 

Yoakum. 
Shropshire,   Walter. 

UTAH. 
Salt   Lake  City. 
Anderson,   Frank,   255    2d  East  Street. 
Fisher,    Robert  Welles,    159    East   2d   South   Street. 
Howard,  Orson,  University  of  Utah. 
Jenney,  Walter  Proctor,  Kuntsford  Hotel. 
Jones,   Marcus  E. 

Merrill,  Joseph  Francis,  University  of  Utah. 
Reynolds,  George,  P.  O.  Box  B. 
Talmage,  James  Edward,   University  of  Utah. 

Sunshine. 
Stackpole,   Morrill   D. 

VERMONT. 

Brattleboro. 
Holton,  Henry  D. 

Burlington. 
Butterfield,  Arthur  Dexter,  University  of  Vermont. 
Freedman,  William  Horatio,  University  of  Vermont. 
Jones,  Lewis  Ralph,  University  of  Vermont. 
Perkins,  George  H. 
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Taft,  Elihu  B. 

Votey,   J.    William,    University   of   Vermont. 

Johnson. 
Ham,  Judson   B.,  State  Normal  School. 

MlDDLEBURY. 

Burt,    Edward   Angus,    Middlebury  College. 

Nashville. 
Bentley,   Wilson   A. 

Rutland. 
Francisco,  M.  Judson,  49  Merchants'  Row. 

Saint  Johnsbury. 
Fairbanks,   Henry. 
Hazen.  Tracy  Elliott,  Fairbanks  Museum. 

Springfield. 
Hartness,  James,  Jones  &  Lamson  Machine  Company. 

VIRGINIA. 
Alexandria. 
O'Brien,   Matthew  Watson,  908  Cameron  Street. 

Big  Stone   Gap. 
Hodge,  James  M. 

Blacksburg. 
Alwood,  William  B. 
Davidson,  R.  J. 
Pritchard,  Samuel  Reynolds. 

Randolph,  L.  S. 

Blackstone. 

Fishburne,  Edward  B.,  Jr. 

Charlottesville. 
Dunnington,  F.  P.,  University  of  Virginia. 
Stone,   Ormond,   University  of  Virginia. 
Tuttle,  Albert  H.,   University  of  Virginia. 

Emory. 
Miller,    James    Shannon,    Emory    and    Henry    College. 

Farmville. 
Jarman,  Joseph  L.,  State  Female  Normal  School. 

Hampden-Sidney. 
Bagby,  J.  H.  C,  Hampden-Sidney  College. 

Hollins. 
Duke,  Frank  Williamson,  Hollins  Institute. 

Lexington. 
Howe,  James  Lewis,  Washington  and  Lee  University. 
Stevens,  W.  LeConte,  Washington  and  Lee  University. 

Lynchburg. 
Martin,  F.  W. 
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Newport   News. 
Post,  Walter  A.,    Newport  News  Shipbuilding    and  Drydock  Co 

Richmond. 
Burgwyn,  C.  P.  E.,  819  Main  Street. 
Garcin,  Ramond  D.,  2618  East  Broad  Street. 
Hunter,  Joseph  Rufus,  Richmond  College. 
Johnston,  Geo.  Ben.,  407  East  Grace  Street. 
Magruder,   Egbert  W.,   Department  of  Agriculture. 
Valentine,    Edward   P. 

Roanoke. 
Davis,  Wm.  W.,  Va.  Iron,  Coal  and  Coke  Company. 

Saltville. 
Mount,   William   D.,    Mathieson   Alkali   Works. 

WASHINGTON. 

Pullman. 
Eccles,  David  C. 
Landes,  Henry. 
Shedd,  Solon. 

Seattle. 
Doubt,    Thomas   E.,    University   of   Washington. 
Eagleson,  James  B.,  512  Burke  Building. 
Millis,  John,  U.  S.  Engineer's  Office. 
Roberts,  Milnor,  University  of  Washington. 
Shelton,  Edward  M.,  2728  Baylston  Avenue. 

Spokane. 
Burbidge,   Frederick,   510   Empire. State   Building. 

Starbuck. 
Pietrzycki,    Marcel. 

Tacoma. 
Gault,  Franklin  B.,  602   North  I  Street. 

WEST   VIRGINIA. 

Athens. 
Goodwin,  Elmer  Forrest,  State  Normal  School. 

Boomer. 
Sharp,  Charles  Cutler,  Raven  Coal  and  Coke  Company. 

Charleston. 
Brooks,  Earle  Amos. 
Cargill,   George  W. 

Clarksburg. 
Davis,   John   J. 
Smith,   Harvey  F. 

Sands,  Wm.  Hupp. 

Martinsburg. 
McCune,  M.  Virginia,  506  West  John  Street. 
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MORGANTOWN. 

Brown,  Samuel   B. 

Davis,   Kary  C,  628  North  High  Street. 

Past,    Richard   Ellsworth,   West   Virginia    University. 

Hodges,    Thomas    Edward,   West   Virginia    University. 

Hopkins,  A.    D.,  West  Virginia  University. 

Johnson,  Thomas  Carskadon,  375  Spruce  Street. 

Jones,  Clement   Ross,  West   Virginia   University. 

Maxwell,    Hu. 

Morris,    Russell    Love,    West    Virginia    University. 

Patterson,  Chas.   H.,  West  Virginia  University. 

Stewart,  James   II.,   Agricultural   Experiment  Station. 

White,  I.  C,  West  Virginia  University. 

New   Martinsville. 
Clark,   Friend  Ebenezer,   University  of  West  Virginia. 

Philipi'i. 
Lemley,  C.  McC. 

Sistersville. 

Hennen,  Ray  V.,  care  Carter  Oil  Company. 

Wheeling. 
Crockard,   Frank  Hearne,   Lock  Box  34. 

WISCONSIN. 
Beloit. 
Smith,  Erastus  G.,  Beloit  Sanitary  Laboratory. 
Smith,   Thomas   A.,    Beloit  College. 

Fond   du   Lac. 
Molitor,   David,   125   Park  Avenue. 

Green  Bay. 
Schuette,   J.    H. 

Janesville. 
Folkmar,    Daniel,    5    Glen   Etta  Street. 

Kenosha. 
Windesheim,  Gustave,  255  Main  Street. 

Madison. 
Babcock,  S.  Moulton,  432  Lake  Street. 
Bull,  Storm. 

Cheney,  Lellen  Sterling,  31S  Bruen  Street. 
Comstock,  George  C,  University  of  Wisconsin. 
Flint,   Albert  S.,  Washburn   Observatory. 
Frost,  William   Dodge,   University  of  Wisconsin. 
Goff,  E.  S.,  1 1 13  University  Avenue. 
Hillyer,    Homer   W.,    University   of   Wisconsin. 
Hobbs,  William  Herbert. 
Jastrow,  Joseph,   University  of  Wisconsin. 
Kahlenberg,   Louis,   306  Lake  Street. 
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Kremers,    Edward,    University  of  Wisconsin. 
Longden,   A.   C,  Wisconsin   Avenue. 
Mendenhall,  Charles  E.,  University  of  Wisconsin. 
Miller,   William  S.,    University  of  Wisconsin. 
Russell,   II.   L.,   University  of  Wisconsin 
Slichter,   Charles  S.,    University  of  Wisconsin. 
Snow,    Benjamin  W.,   518  Wisconsin    Avenue. 
Trowbridge,  Augustus,  University  of  Wisconsin. 
Van  Hisc,  Charles  R.,  University  of  Wisconsin. 
Woll,    Fritz   Wilhelm. 

Milwaukee. 
Becher,   Franklin  A.,   234   Oneida  Street. 
Case,   Ermine  Cowles,   State   Normal  School. 
Conway,   George  M.,    10  Belvedere. 
Friend,   Samuel   Henry,    141    Wisconsin  Street. 
Kletzsch,  Gustav  A.,  453  Cass  Street. 
Mitchell,  Andrew  S.,   220  Greenbush  Street. 
Ncilson,    Walter    Hopper. 

Ogden,  Henry  Vining,   141   Wisconsin  Street. 
Sehlichting,    Emil,   646    Broadway. 
Sherman,   Lewis,  448  Jackson  Street. 

Stickney,    Gardner   P.,   care   Oliver   C.    Fuller   &   Company. 
Uihlein,    August,    332    Galena  Street. 
Wright,  Clement  Blake  Bergen,   796  Astor  Street. 

North   Freedom. 
La  Rue,   William  Gordon. 

Oconomowoc. 
Voje,   John    Henry,    Private   Sanatorium,    Waldheim. 

Racine. 
Davis,  J.  J.,   1 1 19  College  Avenue. 

Ripon. 
Chandler,  Charles  Henry. 

Marsh,  C.   Dwight. 

Wauwatosa. 
Grosskopf,   Ernest  C,   Milwaukee  County    Hospital. 

Williams   Bay. 
Barnard,   Edward  E.,   Yerkcs   Observatory. 
Frost,   Edwin  Brant,  Ycrkes  Observatory. 
II  lie,  Gn  org<    E.,  Yerkcs  Observatory. 
Kent,   Norton  Adams,   Yerkes  Observatory. 

WYOMING. 

Carbon. 
Carter,  James. 

Casper. 
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ADDRESS 

BY 

CHARLES   SEDGWICK   MINOT, 

THE    RETIRING    PRESIDENT    OF    THE    ASSOCIATION. 


THE  PROBLEM  OF    CONSCIOUSNESS    IN    ITS  BIO- 
LOGICAL ASPECTS. 


Our  Association  meets  in  Pittsburg  for  the  first  time.  We 
are  glad  to  indicate  by  our  assembling  here  our  appreciation 
of  the  immense  work  for  the  promotion  of  education  and 
science  which  has  begun  in  this  city  and  already  is  of  na- 
tional value.  It  has  been  initiated  with  so  great  wisdom  and 
zeal  that  we  expect  it  to  render  services  to  knowledge  of  the 
highest  character,  and  we  are  glad  to  be  guests  of  a  city  and 
of  institutions  which  are  contributing  so  nobly  to  the  cause 
of  science. 

We  may  congratulate  ourselves  on  the  bright  prospects  of 
the  Association.  Our  membership  has  grown  rapidly,  and 
ought  soon  to  exceed  four  thousand.  Every  member  should 
endeavor  to  secure  new  adherents.  For  our  next  meeting  we 
are  to  break  with  the  long  tradition  of  summer  gatherings, 
and  assemble  instead  at  New  Year's  time,  presumably  at 
Washington.  To  render  this  possible  it  was  necessary  to 
secure  the  co-operation  of  our  universities,  colleges,  and 
technical  schools  to  set  aside  the  week  in  which  the  first  of 
January  falls,  as  Convocation  Week  for  the  meeting  of  learned 
societies.  The  plan,  owing  to  the  cordial  and  almost  uni- 
versal support  given  by  the  higher  educational  institutions, 
has  been  successfully  carried  through.  For  the  winter 
meetings  we  have  further  succeeded  in  securing  the  co-opera- 
tion of  numerous  national  societies.  The  change  in  our 
time  of  meeting  is  an  experiment  which  we  venture  upon  with 
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the  greater  confidence,  because  of  the  success  of  our  present 
meeting  in  Pittsburg. 

For  my  address  this  evening  I  have  chosen  the  theme: 
"The  Problem  of  Consciousness  in  its  Biological  Aspects."  I 
hope  both  to  convince  you  that  the  time  has  come  to  take  up 
consciousness  as  a  strictly  biological  problem,  and  also  to 
indicate  the  nature  of  that  problem,  and  some  of  the  actual 
opportunities  for  investigating  it.  It  is  necessary  to  begin 
with  a  few  words  on  the  philosophical  interpretation.  We 
shall  then  describe  the  function  of  consciousness  in  animal 
life,  and  consider  its  part  in  the  evolution  of  animals  and  of 
man.  The  views  to  be  stated  suggest  certain  practical  recom- 
mendations, after  presenting  which  I  shall  conclude  by  offer- 
ing an  hypothesis  of  the  relation  of  consciousness  to  matter 
and  force. 

Consciousness  is  at  once  the  oldest  problem  of  philosophy 
and  one  of  the  youngest  problems  of  science.  The  time  is  not 
yet  for  giving  a  satisfactory  definition  of  consciousness,  and 
we  must  fain  content  ourselves  with  the  decision  of  the  meta- 
physician, who  postulates  consciousness  as  an  ultimate  datum 
or  concept  of  thought,  making  the  brief  dictum  cogito,  ergo 
sum  the  pivot  about  which  his  system  revolves.  I  have  en- 
deavored vainly  to  discover  by  reading  and  by  questioning 
those  philosophers  and  psychologists  whom  I  know,  some 
deeper  analysis  of  consciousness,  if  possible,  resolving  it 
into  something  more  ultimate. 

Opinions  concerning  consciousness  are  many  and  often 
so  diverse  as  to  be  mutually  exclusive,  but  they  may  be  di- 
vided into  two  principal  classes.  The  first  class  includes  all 
those  views  which  make  of  consciousness  a  real  phenomenon ; 
the  second, those  views  which  interpret  it  as  an  epiphenomenon. 
We  are,  I  think  practically  all,  agreed  that  the  fundamental 
question  is :  Does  or  does  not  consciousness  affect  directly  the 
course  of  events? — or,  stated  in  other  words,  is  conscious- 
ness a  true  cause?  In  short,  we  encounter  at  the  outset  the 
problem  of  free-will;  of  which  more  later. 

The  opinion  that  consciousness  is  an  epiphenomenon  has 
gained  renewed  prominence  in  recent  times,  for  it  is,  so  to 
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speak,  a  collateral  result  of  that  great  movement  of  European 
thought  which  has  culminated  in  the  development  of  the  doc- 
trine of  monism.  Monism  itself  is  postulated  chiefly  upon 
the  two  greatest  discoveries  of  the  nineteenth  century — the  law 
of  the  conservation  of  energy,  and  the  law  of  the  evolution  of 
species.  Both  laws  establish  a  greater  unity  in  the  phe- 
nomena of  the  universe  than  mankind  had  previously  been 
able  to  accept.  In  the  physical  world,  instead  of  many 
forces,  we  now  recognize  only  one  force,  which  assumes  vari- 
ous forms  of  energy;  and  in  the  living  world  we  recognize 
one  life,  which  manifests  itself  in  many  types  of  form.  With 
these  two  unities  in  mind,  what  could  be  nearer  than  the 
thought  that  the  unity  goes  still  deeper,  and  that  the  phe- 
nomena of  the  inanimate  or  physical,  and  of  the  living  world 
are  fundamentally  identical?  The  progress  of  physiological 
science  has  greatly  increased  the  impetus  towards  the  adop- 
tion of  this  thought  as  the  cardinal  dogma  of  the  new  faith, 
because  the  work  of  physiologists  has  been  so  devoted  to  the 
physical  and  chemical  phenomena  of  life  that  the  conviction 
is  widespread  that  all  vital  phenomena  are  capable  of  a 
physical  explanation.  Assuming  that  conviction  to  be  cor- 
rect, it  is  easy  to  draw  the  final  conclusion  that  the  physical 
explanation  suffices  for  the  entire  universe.  As  to  what  is,  or 
may  be,  behind  the  physical  explanation,  complete  agnos- 
ticism is  of  course  the  only  possible  attitude.  Such  in 
barest — but  I  believe  correct — outline  is  the  history  of  mod- 
ern monism — the  doctrine  that  there  is  but  one  kind  of  power 
in  the  universe. 

It  is  evident  that  monism  involves  the  elimination  of  two 
concepts,  God  and  consciousness.  It  is  true  that  monists 
sometimes  use  these  words,  but  it  is  mere  jugglery,  for  they 
deny  the  concept  for  which  the  words  actually  stand.  Now, 
consciousness  is  too  familiar  to  all  men  to  be  summarily  cast 
aside  and  dismissed.  Some  way  must  be  found  to  account 
for  it.  From  the  monistic  standpoint  there  is  a  choice  be- 
tween two  possible  alternatives;  either  consciousness  is  a 
form  of  energy,  like  heat,  etc.,  or  it  is  merely  a  so-called  epi- 
phenomenon.    As  there  is  no  evidence  that  consciousness  is  a 
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form  of  energy,  only  the  second  alternative  is  in  reality  avail- 
able, and  in  fact  has  been  adopted  by  the  monists. 

It  is  essential  to  have  a  clear  notion  of  what  is  meant  by 
an  epiphenomenon.  Etymological ly  the  word  indicates  some- 
thing which  is  superimposed  upon  the  actual  phenomenon. 
It  designates  an  accompanying  incident  of  a  process  which  is 
assumed  to  have  no  causal  relation  to  the  further  develop- 
ment of  the  process.  In  practice  it  is  used  chiefly  in  regard 
to  the  relation  of  the  mind  or  consciousness  to  the  body,  and 
is  commonly  employed  by  those  philosophers  who  believe 
that  consciousness  has  no  causal  relation  to  any  subsequent 
physiological  process. 

For  many  years  I  have  tried  to  recognize  some  actual  idea 
underneath  the  epiphenomenon  hypothesis  of  consciousness, 
but  it  more  and  more  seems  clear  to  me  that  there  is  no  idea 
at  all,  and  that  the  hypothesis  is  an  empty  phrase,  a  subter- 
fuge, which  really  amounts  only  to  this — we  can  explain  con- 
sciousness very  easily  by  merely  assuming  that  it  does  not 
require  to  be  explained  at  all.  Is  not  that  really  the  confession 
made  by  the  famous  assertion  that  the  consciousness  of  the 
brain  no  more  requires  explanation  than  the  aquosity  of 
water? 

Monism  is  not  a  strong  system  of  philosophy,  for  it  is  not 
so  much  the  product  of  deep  and  original  thinking  as  the 
result  of  a  contemporary  tendency.  It  is  not  the  inevitable 
end  of  a  logical  process,  because  it  omits  consciousness,  but 
rather  an  incidental  result  of  an  intellectual  impulse.  Its 
very  popularity  betokens  its  lack  of  profundity,  and  its  de- 
light in  simple  formulae  is  characteristic  of  that  mediocrity  of 
thought  which  has  much  more  ambition  than  real  power  and 
accepts  simplicity  of  formularization  as  equivalent  to  evi- 
dence. It  would  seem  stronger,  too,  if  it  were  less  defended 
as  a  faith.     Strong  partisans  make  feeble  philosophers. 

Consciousness  ought  to  be  regarded  as  a  biological  phe- 
nomenon, which  the  biologist  has  to  investigate  in  order  to 
increase  the  number  of  verifiable  data  concerning  it.  In  that 
way,  rather  than  by  speculative  thought,  is  the  problem  of 
consciousness  to  be  solved,  and  it  is  precisely  because  biolo- 
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gists  are  beginning  to  study  consciousness  that  it  is  becoming, 
as  I  said  in  opening,  the  newest  problem  of  science. 

The  biologist  must  necessarily  become  more  and  more  the 
supreme  arbiter  of  all  science  and  philosophy,  for  human 
knowledge  is  itself  a  biological  function  which  will  become 
comprehensible  just  in  the  measure  that  biology  progresses 
and  brings  knowledge  of  man,  both  by  himself  and  through 
comparison  with  all  other  living  things.  We  must  look  to 
biologists  for  the  mighty  generalizations  to  come  rather  than 
to  the  philosophers,  because  great  new  thoughts  are  gen- 
erated more  by  the  accumulation  of  observations  than  by 
deep  meditation.  To  know,  observe.  Observe  more  and 
more,  and  in  the  end  you  will  know.  A  generalization  is  a 
mountain  of  observations ;  from  the  summit  the  outlook  is 
broad.  The  great  observer  climbs  to  the  outlook,  while  the 
mere  thinker  struggles  to  imagine  it.  The  best  that  can  be 
achieved  by  sheer  thinking  on  the  data  of  ordinary  human 
experience  we  have  already  as  our  glorious  inheritance. 
The  principal  contribution  of  science  to  human  progress  is 
the  recognition  of  the  value  of  accumulating  data  which  are 
found  outside  of  ordinary  human  experience. 

Twenty-three  years  ago,  at  Saratoga,  I  presented  before 
the  meeting  of  this  Association — which  I  then  attended  for 
the  first  time — a  paper,  "On  the  Conditions  to  be  Filled  by  a 
Theory  of  Life,."  in  which  I  maintained  that,  before  we  can 
form  a  theory  of  life,  we  must  settle  wThat  are  the  phenomena 
to  be  explained  by  it.  So  now  in  regard  to  consciousness 
it  may  be  maintained  that,  for  the  present,  it  is  more  im- 
portant to  seek  additional  positive  knowledge  than  to  hunt 
for  ultimate  interpretations.  We  welcome  therefore  es- 
pecially the  younger  science  of  experimental  psychology, 
which,  it  is  gratifying  to  note,  has  made  a  more  auspicious 
start  in  America  than  in  any  other  country.  It  completes 
the  circle  of  the  biological  sciences.  It  is  the  department  of 
biology  to  which  properly  belongs  the  problem  of  conscious- 
ness. The  results  of  experimental  psychology  are  still  for 
the  most  part  future.  But  I  shall  endeavor  to  show  that 
we  may  obtain  some  valuable  preliminary  notions  concern- 
ing consciousness  from  our  present  biological  knowledge. 
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We  must  begin  by  accepting  the  direct  evidence  of  our  own 
consciousness  as  furnishing  the  basis.  We  must  further  ac- 
cept the  evidence  that  consciousness  exists  in  other  men  es- 
sentially identical  with  the  consciousness  in  each  of  us. 
The  anatomical,  physiological  and  psychological  evidence  of 
the  identity  of  the  phenomena  in  different  human  individuals 
is,  to  a  scientific  mind,  absolutely  conclusive,  even  though 
we  continue  to  admit  cheerfully  that  the  epistemologist 
rightly  asserts  that  no  knowledge  is  absolute,  and  that  the 
metaphysician  rightly  claims  that  ego  is  the  only  reality 
and  everything  else  exists  only  as  ego's  idea,  because  in 
science  as  in  practical  life  we  assume  that  our  knowledge  is 
real  and  is  objective  in  source. 

For  the  purpose  of  the  following  discussion  we  must  define 
certain  qualities  or  characteristics  of  consciousness.  The 
most  striking  distinction  of  the  processes  in  living  bodies,  as 
compared  with  those  in  inanimate  bodies,  is  that  the  living 
processes  have  an  object — they  are  teleological.  The  dis- 
tinction is  so  conspicuous  that  the  biologists  can  very  often 
say  why  a  given  structure  exists,  or  why  a  given  function  is 
performed,  but  how  the  structure  exists  or  how  the  function 
is  performed  he  can  tell  very  imperfectly,  more  often  not  at 
all.  Consciousness  is  only  a  particular  example;  though  an 
excellent  one  of  this  peculiarity  of  biological  knowledge— we 
do  not  know  what  it  is,  we  do  not  know  how  it  functions,  but 
we  do  know  why  it  exists.  Those  who  are  baffled  by  the 
elusiveness  of  consciousness  when  we  attempt  to  analyze 
it  will  do  well  to  remember  that  all  other  vital  phenomena 
are  in  the  last  instance  equally  and  similarly  elusive. 

In  order  to  determine  the  teleological  value  of  conscious- 
ness, we  must  endeavor  to  make  clear  to  ourselves  what  the 
essential  function  is  which  it  performs.  As  I  have  found 
no  description  or  statement  of  that  function  which  satisfied 
me,  I  have  ventured,  perhaps  rashly,  to  draw  up  the  follow- 
ing new  description: 

The  function  of  consciousness  is  to  dislocate  in  time  the 
reactions   from  sensations. 

In  one  sense  this  may  be  called  a  definition  of  conscious- 
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ness,  but  inasmuch  as  it  does  not  tell  what  consciousness  is, 
but  only  what  it  does,  we  have  not  a  true  definition,  but  a 
description  of  a  function.  The  description  itself  calls  for  a 
brief  explanation.  We  receive  constantly  numerous  sensa- 
tions, and  in  response  to  these  we  do  many  things.  These 
doings  are,  comprehensively  speaking,  our  reactions  to  our 
sensations.  When  the  response  to  a  stimulus  is  obviously 
direct  and  immediate  we  call  the  response  a  reflex  action,  but 
a  very  large  share  of  our  actions  are  not  reflex  but  are  deter- 
mined in  a  far  more  complicated  manner  by  the  intervention 
of  consciousness,  which  may  do  one  of  two  things:  (i)  Stop 
a  reaction,  as,  for  example,  when  something  occurs,  calling, 
as  it  were,  for  our  attention  and  we  do  not  give  our  attention 
to  it.  This  we  call  conscious  inhibition.  It  plays  a  great  role 
in  our  lives;  but  it  does  not  mean  necessarily  that  inhibited 
impressions  may  not  survive  in  memory  and  at  a  later  time 
determine  the  action  taken;  in  such  cases  the  potential  reac- 
tion is  stored  up.  (2)  Consciousness  may  evoke  a  reaction 
from  a  remembered  sensation  and  combine  it  with  sensations 
received  at  other  times.  In  other  words,  consciousness  has 
a  selective  power,  manifest  both  in  choosing  from  sensations 
received  at  the  same  time  and  in  combining  sensations  received 
at]  different  times.  It  can  make  synchronous  impres- 
sions dyschronous  in  their  effects,  and  dyschronous  im- 
pressions synchronous.  But  this  somewhat  formidable  sen- 
tence merely  paraphrases  our  original  description :  The 
function  of  consciousness  is  to  dislocate  in  time  the  reactions 
from  sensations. 

This  disarrangement  and  constant  rearrangement  of  the 
sensations,  or  impressions  from  sensations,  which  we  gather, 
so  that  their  connections  in  time  are  altered  seems  to  me  the 
most  fundamental  and  essential  characteristic  of  conscious- 
ness which  we  know.  It  is  not  improbable  that  hereafter  it 
will  become  possible  to  give  a  better  characterization  of  con- 
sciousness. In  that  case  the  opinion  just  given  may  become 
unsatisfactory,  and  have  to  yield  to  one  based  on  greater 
knowledge.  The  characteristic  we  are  considering  is  certainly 
important,  and  so  far  as  the  available  evidence  goes  it  belongs 
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exclusively  to  consciousness.  Without  it  life  would  have  no 
interest,  for  there  would  be  no  possibility  of  experience,  no 
possibility  of  education. 

Now  the  more  we  have  learned  about  animals,  the  better 
have  we  appreciated  the  fact  that  in  them  only  such  struc- 
tures and  functions  are  preserved  as  are  useful,  or  have 
a  teleological  value.  Formerly  a  good  many  organs  were 
called  rudimentary  or  vestigial  and  supposed  to  be  useless 
survivals  because  they  had  no  known  function.  But  in  many 
cases  the  functions  have  since  been  discovered.  Such,  for 
example,  were  the  pineal  gland,  the  pituitary  body,  the 
suprarenal  capsules  and  the  Wolffian  body  of  man,  all  of 
which  are  now  recognized  to  be  functionally  important 
structures.  Useless  structures  are  so  rare  that  one  questions 
whether  any  exist  at  all,  except  on  an  almost  insignificant 
scale.  It  has  accordingly  become  well-nigh  impossible  for 
us  to  imagine  consciousness  to  have  been  evolved,  as  it  has 
been,  unless  it  had  been  bionomically  useful.  Let  us  there- 
fore next  consider  the  value  of  consciousness  from  the  stand- 
point of  bionomics.* 

We  must  begin  with  a  consideration  of  the  nature  of 
sensations  and  the  object  of  the  reactions  which  they  cause. 
In  the  simpler  forms  of  nervous  action  a  force, "usually  but 
not  necessarily  external  to  the  organism,  acts  as  a  stimulus 
which  causes  an  irritation;  the  irritation  produces  a  reaction. 
Within  the  ordinary  range  of  the  stimuli  to  which  an  organism 
is  subjected,  the  reaction  is  teleological,  that  is,  it  tends  to 
the  benefit  of  the  organism.  A  familiar  illustration  is  the 
presence  of  food  in  the  stomach,  which  'produces  a  stimulus, 
the  reaction  to  which  is  manifested  by  the  secretion  of  the 
digestive  fluid  for  the  purpose  of  digesting  the  food.  An  or- 
ganism might  conceivably  be  maintained  solely  by  this  mech- 
anism in  cooperation  with  the  physical  laws  which  govern 
all  matter.     Life  in  such  an  organism  would  be  a  succession 

*A  convenient  term,  recently  gaining  favor,  for  what  might 
otherwise  be  called  the  economics  of  the  living  organism.  Bio- 
nomics seems  preferable  to  ecology,  which  some  writers  are  adopt- 
ing from  the  German. 
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of  teleological  processes,  essentially  mechanical  and  regulated 
automatically  by  the  organism.  By  far  the  majority  of  biol- 
ogists regard  plants  as  essentially  conforming  to  this  type 
of  life.  Whether  they  absolutely  so  conform  we  do  not,  of 
course,  yet  know. 

A  sensation  involves  the  interpolation  of  consciousness 
between  the  stimulation  and  the  reaction,  and  in  consequence 
there  is  established  the  possibility  of  a  higher  order  of  ad- 
justment to  the  external  world  than  can  be  attained  through 
the  teleological  reaction  to  a  stimulus.  This  possibility  de- 
pends upon  the  fact  that  the  intervention  of  consciousness 
permits  an  adjustment  in  accordance  not  merely  with  the  imme- 
diate sensation,  but  also,  and  at  the  same  time,  in  accordance 
with  earlier  sensations.  Thus,  for  example,  the  child  sees  an 
object,  and  its  reaction  is  to  take  hold  of  the  object,  which  is 
hot  and  hurts  the  child.  Later  the  child  sees  the  object  again 
and  its  natural  reaction  is  to  take  hold  of  it  again,  but  the 
child  now  reacts  differently  because  its  consciousness  utilizes 
the  earlier  as  well  as  the  present  sensation ;  the  previous  sensa- 
tion is  dislocated  in  time  and  fused  with  the  present  sensation 
and  a  new  reaction  follows.  Xo  argument  is  necessarv  to 
establish  the  obvious  conclusion  that  an  organism  which  has 
consciousness  has  an  immensely  increased  scope  for  its  ad- 
justments to  the  external  conditions;  in  other  words  con- 
sciousness has  a  very  high  value  for  the  organism.  It  is  un- 
necessary to  dwell  upon  this  conclusion,  for  it  will  be  admitted 
by  every  one,  except  perhaps  those  who  start  with  the  a  priori 
conviction  that  consciousness  is  an  epiphenomenon. 

A  sensation  gives  information  concerning  the  external 
world.  Perhaps  science  has  achieved  nothing  else  which  has 
done  so  much  to  clarify  philosophy  as  the  demonstration  that 
the  objective  phenomena  are  wholly  unlike  the  subjective  sen- 
sations. Light  is  a  series  of  undulations,  but  we  do  not  per- 
ceive the  undulation  as  such,  but  as  red,  yellow  and  green,  or 
as  we  say  colors;  the  colors  give  us  available  information, 
we  use  them  as  so  many  labels,  and  we  learn  that  reactions 
to  these  labels  may  be  helpful  or  hurtful,  and  so  we  regulate 
our  conduct.     Objectively  red,  yellow  and  green  do  not  exist. 
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Similarly  with  the  vibrations  of  the  air,  certain  of  which  cause 
the  sensation  of  sound,  which  is  purely  subjective.  But  the 
sound  gives  us  information  concerning  our  surroundings, 
winch  we  utilize  for  our  teleological  needs,  although  in  nature 
external  to  us  there  is  no  sound  at  all.  Similarly  all  our  other 
senses  report  to  us  circumstances  and  conditions,  but  always 
the  report  is  unlike  the  external  reality.  Our  sensations  are 
symbols  merely,  not  images.  They  are,  however,  bionomi- 
cally  sufficient  because  they  are  constant.  They  are  useful 
not  because  they  copy  the  external  reality  or  represent  it, 
but  because,  being  constant  results  of  external  causes,  they 
enable  consciousness  to  prophesy  or  foresee  the  results  of  the 
reactions  of  the  organism,  and  to  maintain  and  improve  the 
continual  adjustment  to  the  external  reality. 

The  metaphysicians  have  for  centuries  debated  whether 
there  is  any  external  objective  reality.  Is  it  too  much  to  say 
that  the  biological  study  of  consciousness  settles  the  debate 
in  favor  of  the  view  that  the  objective  world  is  real  ? 

Consciousness  is  not  only  screened  from  the  objective  world 
from  which  it  receives  all  its  sensations,  but  also  equally  from 
immediate  knowledge  of  the  body  through  which  it  acts.  As 
I  write  this  sentence  I  utilize  vaso-motor  nerves,  regulating 
the  cerebral  blood  currents,  and  other  nerves  which  make 
my  hand  muscles  contract  and  relax,  but  of  all  this  physio- 
logical work  my  consciousness  knows  nothing  though  it  com- 
mands the  work  to  be  done.  The  contents  of  consciousness 
are  as  unlike  what  is  borne  out  from  it  as  they  are  unlike  what 
is  borne  into  it. 

The  peculiar  untruthfulness  to  the  objective  which  con- 
sciousness exhibits  in  what  it  gets  and  gives  would  be  per- 
plexing were  it  not  that  we  have  learned  to  recognize  in  con- 
sciousness a  device  to  secure  better  adjustment  to  external 
reality.  For  this  service  the  system  of  symbols  is  success- 
ful, and  we  have  no  ground  for  supposing  that  the  service 
would  be  better  if  consciousness  possessed  direct  images  or 
copies  instead  of  symbols  of  the  objective  world. 

Our  sensory  and  motor*  organs  are  the  servants  of  con- 

*And  other  organs  in  efferent  relations  to  consciousness. 
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sciousness;  its  messengers  or  scouts;  its  agents  or  laborers; 
and  the  nervous  system  is  its  administrative  office.  A  large 
part  of  our  anatomical  characteristics  exist  for  the  purpose 
of  increasing  the  resources  of  consciousness,  so  that  it  may 
do  its  bionomic  function  with  greater  efficiency.  Our  eyes 
ears,  taste,  etc.,  are  valuable,  because  they  supply  conscious- 
ness with  data;  our  nerves,  muscles,  bones,  etc.,  are  valuable, 
because  they  enable  consciousness  to  effect  the  needed  reac- 
tions. 

Let  us  now  turn  our  attention  to  the  problem  of  conscious- 
ness in  animals.  The  comparative  method  has  an  importance 
in  biology  which  it  has  in  no  other  science,  for  life  exists  in 
many  forms  which  we  commonly  call  species.  Species,  as  I 
once  heard  it  stated,  differ  from  one  another  with  resemblance. 
The  difference  which  resembles  we  term  an  homology.  Our 
arm,  the  bird's  wing,  the  lizard's  front  leg  are  homologous. 
The  conception  of  homology  both  of  structure  and  of  function 
lies  at  the  basis  of  all  biological  science,  which  must  be  and 
remain  incomprehensible  to  any  mind  not  thoroughly  imbued 
with  this  conception.  Only  those  who  are  deficient  in  this  re- 
spect can  fail  to  understand  that  the  evidence  is  overwhelm- 
ing that  animals  have  a  consciousness  homologous  with  the 
human  consciousness.  The  proof  is  conclusive.  As  regards 
at  least  mammals — I  think  we  could  safely  say  as  regards 
vertebrates — the  proof  is  the  whole  sum  of  our  knowledge  of 
the  structure,  functions  and  life  of  these  animals. 

As  we  descend  the  animal  scale  to  lower  forms  there  is  no 
break  and  therefore  no  point  in  the  descent  where  we  can  say 
here  animal  consciousness  ends,  and  animals  below  are  without 
it.  It  seems  inevitable  therefore  to  admit  that  consciousness 
extends  far  down  through  the  animal  kingdom,  certainly  at 
least  as  far  down  as  there  are  animals  with  sense  organs  or 
even  the  most  rudimentary  nervous  system.  It  is  unsatis- 
factory to  rely  chiefly  on  the  anatomical  evidence  for  the  an- 
swer to  our  query.  We  await  eagerly  results  from  psycho- 
logical experiments  on  the  lower  invertebrates.  A  sense 
organ  however  implies  consciousness,  and  since  such  organs 
occur  among  ccelenterates  we  are  led  to  assign  conscious- 
ness to  these  animals. 
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The  series  of  considerations  which  we  have  had  before  us 
lead  directly  to  the  conclusion  that  the  development  and  im- 
provement of  consciousness  has  been  the  most  important, 
really  the  dominant,  factor  in  the  evolution  of  the  animal 
series.  The  sense  organs  have  been  multiplied  and  perfected 
in  order  to  supply  consciousness  with  a  richer,  more  varied 
and  more  trustworthy  store  of  symbols  corresponding  to  ex- 
ternal conditions.  The  nervous  system  has  grown  vastly 
in  complexity  in  order  to  permit  a  constantly  increasing  variety 
in  the  time  dislocations  of  sensation.  The  motor  and  allied  ap- 
paratus have  been  multiplied  and  perfected  in  order  to  supply 
consciousness  with  more  possibilities  of  adjustment  to  ex- 
ternal reality  which  might  be  advantageous. 

If  we  thus  assign  to  consciousness  the  leading  role  in  animal 
evolution  we  must  supplement  our  hypothesis  by  another, 
namely,  that  conscious  actions  are  primary;  reflex  and  in- 
stinctive actions  secondary,  or,  in  other  words,  that,  for  the 
benefit  of  the  organism,  conscious  actions  have  been  trans- 
formed into  reflexes  and  instincts.  Unfortunatelv  we  must 
rely  chiefly  on  future  physiological  and  psychological  ex- 
periments to  determine  the  truth  of  this  hypothesis.  Its 
verification,  however,  is  suggested  by  certain  facts  in  the  com- 
parative physiology  of  the  vertebrate  nervous  system,  which 
tend  to  show  that  in  the  lower  forms  (amphibia)  a  certain 
degree  of  consciousness  presides  over  the  functions  of  the 
spinal  cord,  which  in  mammals  is  devoted  to  reflex  actions. 
Its  verification  is  further  suggested  by  the  natural  history 
of  habits.  As  we  all  know,  new  actions  are  performed  with 
difficulty  and  slowly,  but  if  often  repeated  they  are  soon  easier 
and  more  rapid.  If  a  given  reaction  to  a  sensation  of  group 
of  sensations  through  consciousness  is  advantageous  to  the 
organism  and  the  environment  is  such  that  the  sensation  is 
often  repeated,  then  a  habit  is  formed  and  the  response  be- 
comes more  rapid,  and  often  in  ourselves  we  see  habits  which 
arose  from  conscious  action  working  almost  without  the 
participation  of  consciousness,  and  moreover  working  usefully 
because  rapidly.  The  usefulness  of  conscious  reactions  is  that 
they  are  determined  not  merely  by  the  present  sensation,  but 
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also  by  past  sensations,  but  they  have  the  defect  that  they 
are  slow.  We  can  readily  understand  that  it  would  aid  an 
organism  to  have  the  quicker  reaction  substituted,  and  we 
thus  recognize  a  valid  teleological  reason  for  the  replacement 
of  conscious  action  by  habits  in  the  individual,  bv  instincts 
in  the  race.  The  investigation  of  the  evolution  of  reflexes 
and  instincts  is  one  of  the  important  and  most  promising 
tasks  of   comparative  psychology. 

A  frank  unbiased  study  of  consciousness  must  convince 
every  biologist  that  it  is  one  of  the  fundamental  phenomena 
of  at  least  animal  life,  if  not,  as  is  quite  possible,  of  all  life. 
Nevertheless  its  consideration  has  barely  a  place  in  biological 
science,  although  it  has  long  occupied  a  vast  place  in  phil- 
osophy and  metaphysics.  If  this  address  shall  contribute 
to  a  clearer  appreciation  of  the  necessity  of  treating  conscious- 
ness as  primarily  a  problem  for  biological  research  to  solve, 
my  purpose  will  be  achieved.  In  an  ideal  world  philosophers 
and  scientists  would  be  identical;  in  the  actual  world  there 
are  philosophical  scientists  and  scientific  philosophers,  but 
in  the  main  the  followers  of  the  two  disciplines  pursue  paths 
which  are  unfortunately  distinct.  The  philosophical  mind  is 
of  a  type  unlike  the  scientific.  The  former  tries  to  progress 
primarily  by  thought  based  on  the  data  available,  the  latter 
seeks  to  advance  primarily  by  collecting  additional  data. 
The  consequence  of  this  difference  is  that  philosophy  is  de- 
pendent upon  the  progress  of  science,  but  we  who  pursue 
the  scientific  way  make  no  greater  mistake  than  to  under- 
estimate philosophy.  The  warning  is  needed.  Data  of 
observation  are  a  treasure  and  very  precious.  They  are  the 
foundation  of  our  mental  wealth,  but  that  wealth  consists  of 
the  thought  into  which  the  data  are  transmitted.  In  pleading 
therefore  for  an  increased  observational  study  of  conscious- 
ness, we  plead  not  merely  for  science,  but  equally  for  phil- 
osophy. The  scientific  progress  must  come  first.  Hence  we 
urge  the  advantage  of  investigating  consciousness  in  its  imme- 
diate revelations  which  are  accessible  now.  Let  us  give  up 
the  ineffectual  struggle  to  discover  the  essential  nature  of 
consciousness  until  we  can  renew  it  with  much  larger  resources 
of  knowledge. 
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The  psychologists  ought  now  to  apply  the  comparative 
method  on  a  grand  scale.  They  are  just  beginning  to  use  it. 
Years  of  patient  labor  must  pass  by,  but  the  reward  will  be 
very  great.  The  psychic  life  of  animals  must  be  minutely 
observed,  the  conditions  of  observation  carefully  regulated, 
and  the  results  recorded  item  by  item.  The  time  has  passed 
by  for  making  generalizations  on  the  basis  of  our  common, 
vague  and  often  inexact  notions  concerning  the  habits  of 
animals.  Exact  experimental  evidence  will  furnish  a  rich 
crop  of  psychological  discovery.  Scientific  psychology  is  the 
most  backward  in  its  development  of  all  the  great  divisions 
of  biology.  It  needs,  however,  little  courage  to  prophesy 
that  it  will  bring  forth  results  of  momentous  importance  to 
mankind.  After  data  have  been  gathered,  generalization 
will  follow  which,  it  may  be  hoped,  will  lead  us  on  to  the  under- 
standing of  even  consciousness  itself. 

The  teleological  impress  is  stamped  on  all  life.  Vital  func- 
tions have  a  purpose.  The  purpose  is  always  the  maintenance 
of  the  individual  or  of  the  race  in  its  environment.  The  entire 
evolution  of  plants  and  animals  is  essentially  the  evolution 
of  the  means  of  adjustment  of  the  organism  to  external  con- 
ditions. According  to  the  views  I  have  laid  before  you,  con- 
sciousness is  a  conspicuous,  a  commanding,  factor  of  adjust- 
ment in  animals.  Its  superiority  is  so  great  that  it  has  been, 
so  to  speak,  eagerly  seized  upon  by  natural  selection  and  pro- 
vided with  constantly  improved  instruments  to  work  with. 
A  concrete  illustration  will  render  the  conception  clearer. 
In  the  lowest  animals,  the  ccelenterates,  in  which  we  can  recog- 
nize sense  organs,  the  structure  of  them  is  very  simple,  and 
they  serve  as  organs  of  touch  and  of  chemical  sensation  re- 
sembling taste.  In  certain  jelly  fishes  we  find  added  special 
organs  of  orientation  and  pigmented  spots  for  the  percep- 
tion of  light.  In  worms  we  have  true  eyes  and  vision.  In 
vertebrates  we  encounter  true  sense  of  smell.  Fishes  cannot 
hear,  but  in  the  higher  vertebrates,  that  is  from  the  amphib- 
ians up,  there  are  true  auditory  organs.  In  short,  both  the 
senses  once  evolved  are  improved  and  also  new  senses  are 
added.     It  is  perfectly  conceivable  that  there  should  be  yet 
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other  senses,  radically  different  from  any  we  know.  Another 
illustration,  and  equally  forcible,  of  the  evolution  of  aids  to 
consciousness  might  be  drawn  from  the  comparative  history 
of  the  motor  systems,  passing  from  the  simple  contractile 
thread  to  the  striated  muscle  fiber,  from  the  primitive  diffuse 
musculature  of  a  hydroid  to  the  highly  specialized  and  corre- 
lated muscles  of  a  mammal. 

It  is  interesting  to  consider  the  evolution  of  adjustment  to 
external  reality  in  its  broadest  features.  In  the  lowest  ani- 
mals the  range  of  the  possible  adjustment  is  very  limited. 
In  them  not  only  is  the  variety  of  possible  actions  small,  but 
they  cover  also  a  small  period  of  time.  In  animals  which 
have  acquired  a  higher  organization  the  adjustments  are  more 
complex,  both  because  the  reactions  are  more  varied  and  be- 
cause they  cover  a  longer  period  of  time.  Thus  the  jelly  fish 
depends  upon  such  food  as  happens  to  come  within  its  reach, 
seizing  from  moment  to  moment  that  which  it  encounters; 
but  a  lobster  pursues  its  food,  making  complicated  move- 
ments in  order  to  reach  it  and  seize  it.  One  can  trap  lobsters 
easily;  I  doubt  if  one  could  trap  a  jelly  fish  at  all.  The  next 
great  advance  is  marked  by  the  establishment  of  communica- 
tion between  individuals  of  the  same  species.  About  this 
phenomenon  we  know  exceedingly  little;  the  investigation 
of  it  is  one  of  the  most  important  duties  of  the  comparative 
physiologist.  Its  bionomic  value  is  obviously  great  for  it 
allows  an  individual  to  utilize  the  experience  of  another  as 
well  as  its  own.  We  might,  indeed,  compare  it  with  the  addi- 
tion of  a  new  sense,  so  greatly  does  it  extend  the  sources  of 
information.  The  communication  between  individuals  is 
especially  characteristic  of  vertebrates,  and  in  the  higher 
members  of  that  subkingdom  it  plays  a  very  great  role  in  aid- 
ing the  work  of  consciousness.  In  man,  owing  to  articulate 
speech,  the  factor  of  communication  has  acquired  a  maxi- 
mum importance.  The  value  of  language,  our  principle 
medium  of  communication,  lies  in  its  aiding  the  adjustment 
of  the  individual  and  the  race  to  external  reality.  Human 
evolution  is  the  continuation  of  animal  evolution,  and  in 
both  the  dominant  factor  has  been  the  increase  of  the  resources 
available  for  consciousness.         ■. 
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In  practical  life  it  is  convenient  to  distinguish  the  works 
of  nature  from  the  works  of  man.  the  "natural"  from  the 
"artificial."  The  biologist,  on  the  contrary,  must  never  allow 
himself  to  forget  that  man  is  a  part  of  nature  and  that  all  his 
works  are  natural  works.  This  is  specially  important  for 
the  present  discussion,  for  otherwise  wre  are  likely  to  forget 
also  that  man  is  as  completely  subject  to  the  necessity  of 
adjustment  to  external  reality  as  any  other  organism.  From 
the  biological  standpoint  all  the  work  of  agriculture,  of  manu- 
factures, of  commerce  and  of  government  is  a  part  of  the 
work  of  consciousness  to  secure  the  needed  adjustments.  All 
science  belongs  in  the  same  category  as  the  teleological  efforts 
of  a  jellyfish  or  a  lobster.  It  is  work  done  at  the  command 
of  consciousness  to  satisfy  the  needs  of  existence.  The  lesson 
of  all  this  to  us  is  that  we  should  accustom  ourselves  to  profit 
by  our  understanding  of  the  trend  of  evolution,  which,  in  the 
progress  humanity  makes,  obeys  the  same  law  of  adapta- 
tion to  objective  reality  which  has  controlled  the  history  of 
animals.  This  view  of  the  conditions  of  our  existence  puts 
science  in  its  right  place.  As  all  sensations  are  symbols  of  ex- 
ternal reality  useful  to  guide  organisms  to  teleological  reac- 
tions, so  is  all  science  symbolic  and  similarly  useful. 

Xature  never  produces  what  to  us  seems  a  perfect  organism, 
but  only  organisms  which  are  provided  with  means  of  adjust- 
ment sufficient  to  accomplish  the  survival  and  perpetuation 
of  the  species.  Man  also  is  imperfect,  but  in  the  struggle  for 
existence  wins  his  way  because  his  consciousness  has  greater 
resources  than  that  of  any  other  organism.  His  great 
power  arises  from  his  appreciation  of  evolution.  His  highest 
duty  is  to  advance  evolution,  and  this  duty  must  be  most 
stronglv  felt  by  those  who  accept  the  religious  interpreta- 
tion of  life.  The  advancement  of  science  is  an  obligation. 
To  this  view  of  the  work  of  our  Association  I  may  safely 
claim  the  assent  of  all  present. 

The  function  of  science  is  to  extend  our  acquaintance  with 
the  objective  world.  The  purpose  of  the  American  Associa- 
tion is  not  alone  to  increase  the  sum  total  of  science,  but 
equally  also  to  preach  by  word  and  precept  the  value  of 
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truth,  truth  being  the  correct  conscious  symbol  of  the  objec- 
tive, by  utilizing  which  our  purposeful  reactions  are  improved. 
The  most  serious  obstacle  truth  encounters  is  the  prevalence 
of  what  I  may  call  "doll  ideas" — by  analogy  with  the  mater- 
ial dolls,  with  which  children  play.  The  child  makes  believe 
with  the  doll,  knowing  all  the  time  its  unreality,  assigns  to  it 
hopes,  passions,  appetites ;  the  child  may  feel  the  intensest  sym- 
pathy with  its  doll,  weep  at  its  sorrows,  laugh  over  its  joys, 
yet  know  always  that  it  is  a  mere  inanimate,  senseless  doll. 
Adult  men  and  women  have  ideas,  with  which  they  play  make- 
believe;  doll  ideas,  which  they  know  are  unreal,  and  yet  they 
mourn  sincerely  over  the  adversities  of  their  mental  dolls, 
rejoice  over  their  successes,  and  fight  for  them  with  passion. 
Such  doll  ideas  become  mingled  with  the  real  and  inextricably- 
woven  into  the  fabric  of  life.  They  are  treated  with  the  most 
earnest  seriousness.  Men  will  fight  for  them  as  a  child  will 
fight  for  its  doll,  not  because  it  is  property,  but  because  it  is 
a  sacred  personality.  So  are  doll  ideas  often  made  sacred  and 
defended  with  fanaticism.  Yet,  behind,  in  consciousness  is 
the  sense  of  unreality,  the  disregarded  admission  of  "making 
believe."  Do  not  doll  ideas,  pseudo-opinions,  play  a  great 
role  in  human  life?  I  think  they  do,  and  thinking  so,  deem  it 
all  the  more  imperative  that  you  and  others  should  teach  the 
people  the  standard  of  science,  the  humble  acknowledgment 
of  reality.  I  wish  that  an  impulse  toward  this  goal  from  our 
Association  could  be  imparted  to  every  man  and  woman  in 
the  country,  and  I  hope  that  the  Association  may  continue 
to  grow  in  number  and  power  for  long  years  to  come,  as  it  has 
grown  in  the  last  few  years,  so  that  it  shall  be  a  national,  all- 
pervading  influence  serving  the  truth. 

It  seems  to  me  inconceivable  that  the  evolution  of  animals 
should  have  taken  place  as  it  actually  has  taken  place,  unless 
consciousness  is  a  real  factor  and  dominant.  Accordinglv  I 
hold  that  it  actually  affects  the  vital  processes.  There  is,  in 
my  opinion,  no  possibility  of  avoiding  the  conclusion  that 
consciousness  stands  in  immediate  causal  relations  with 
physiological  processes.  To  say  this  is  to  abide  by  the  facts, 
as  at  present  known  to  us,  and  with  the  facts  our  conceptions 
must  be  made  to  accord. 
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The  thought  which  I  wish  to  emphasize  is  the  importance 
for  the  future  investigation  of  consciousness  of  separating  the 
study  of  what  it  does  from  the  study  of  what  it  is.  The  latter 
study  is  recondite,  metaphysical,  and  carries  us  far  beyond 
the  limits  of  verifiable  human  knowledge.  The  former  study 
is  open  to  us  and  offers  opportunities  to  science,  but  it  has 
hitherto  been  almost  completely  neglected.  Biology  has  now 
to  redeem  itself  by  effectual  researches  on  consciousness.  On 
the  adequate  prosecution  of  such  researches  we  base  great 
hopes. 

Before  I  close  permit  me  a  few  words  concerning  the  rela- 
tions of  consciousness  to  the  body,  to  living  substances  through 
winch  it  manifests  itself.  It  is  intimately  linked  to  proto- 
plasm. Probably  no  question  is  so  profoundly  interesting  to  all 
mankind  as  the  old  question,  what  is  the  relation  of  the  mind 
to  the  body?  It  is  a  question  which  has  been  stated  in  many 
forms  and  from  many  points  of  view,  but  the  essential  object 
of  the  question  is  always  the  same,  to  ask  whether  conscious- 
ness is  a  function  of  living  matter,  or  something  discreet  and 
not  physical  or  material. 

Throughout  this  address  consciousness  has  been  viewed  as 
a  device  to  regulate  the  actions  of  the  organisms  so  as  to  ac- 
complish purposes  which  on  the  whole  are  useful  to  the  or- 
ganisms, and  accordingly  we  have  termed  its  function  teleo- 
logical.  If  this  view  is  correct  it  accounts  for  the  limitations 
of  consciousness,  its  mechanical  mode  of  work,  its  precision 
and  definiteness  of  action,  for,  of  course,  unless  conscious- 
ness is  orderly  and  obeys  laws,  it  cannot  be  of  use  to  the 
organism,  but,  on  the  contrary,  it  would  be  harmful,  and  con- 
scious animals  would  have  ceased  long  ago  to  survive.  The 
very  fact  that  consciousness  is  of  such  high  value  in  the 
bionomy  of  an  animal  renders  it  obvious  that  it  must  be  subject 
to  law.  Accordingly  it  appears  to  us  regulated  as  do  the 
functions  of  protoplasm.  Hence  to  certain  modern  thinkers 
it  presents  itself  as  a  function  of  protoplasm,  or,  as  it  may  be 
better  stated,  as  a  state  or  condition  of  protoplasm. 

The  internal  evidence  of  consciousness,  however,  is  against 
this  view  and  presents  to  us  conscious  actions  as  depending 
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upon  the  consciousness.  As  before  stated  1  believe  that  this 
evidence  must  be  accepted.  Now  all  the  sensations  of  con- 
sciousness are  derived  from  physical  force,  and  all  the  acts  of 
consicousness  are  manifested  through  physical  force;  hence 
if  it  has  any  real  power  consciousness  must  be  able  to  change 
the  form  of  energy.  Unless  we  accept  this  doctrine,  we  must 
give  up  all  belief  in  free-will  and  adopt  the  automaton  theory 
of  life.  Is  not  the  more  reasonable  explanation  that  which  is 
based  upon  all  the  contents  of  our  consciousness  rather  than 
that  which  we  can  draw  by  discarding  the  internal  evidence 
which  consciousness  brings  us  ?  The  hypothesis  which  I  offer 
for  your  consideration  is  this : 

( 'onsciousness  has  the  power  to  change  the  form  of  energy, 
and  is  neither  a  form  of  energy  nor  a  state  of  protoplasm. 

By  this  hypothesis  there  are  two  fundamentally  different 
things  in  the  universe — force  and  consciousness.  You  ask 
why  I  do  not  say  three,  and  add  matter?  My  answer  is  that 
we  do  not  have,  and  never  have  had,  any  evidence  whatever 
that  matter  exists.  All  our  sensations  are  caused  by  force 
and  by  force  only,  so  that  the  biologist  can  say  that  our  senses 
bring  no  evidence  of  matter.  The  concept  "matter"  is  an 
irrational  transfer  of  notions  derived  from  the  gross  molar 
world  of  the  senses  to  the  molecular  world.  Faraday  long 
ago  pointed  out  that  nothing  was  gained  and  much  lost  by 
the  hypothesis  of  material  atoms,  and  his  .position  seems  to 
me  impregnable.  It  would  be  a  great  contribution  to  science 
to  kill  off  the  hypothesis  of  matter  as  distinct  from  force. 

To  conclude:  The  universe  consists  of  force  and  conscious- 
ness. As  consciousness  by  our  hypothesis  can  initiate  the 
change  of  the  form  of  energy,  it  may  be  that  without  conscious- 
ness the  universe  would  come  to  absolute  rest.  Since  I  close  with 
a  bold  speculation  let  my  last  words  recall  to  you  that  my  text 
is:  Investigate  consciousness  by  comparative  observations. 
Only  from  observation  can  we  know.  Correct,  intelligent, 
exhaustive  observation  is  our  goal.  When  we  reach  it  human 
sicence  will  be  completed. 
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SOME  RECENT  APPLICATIONS  OF  FUNCTION- 
THEORY  TO  PHYSICAL  PROBLEMS. 


It  has  seemed  appropriate  that  the  address  of  the  retiring 
chairman  should  draw  attention  to  some  of  the  most  recent 
developments  in  those  sciences  which  it  is  the  object  of  this 
Section  of  the  Association  to  promote,  especially  to  some 
problems  that  seem  to  be  making  but  slow  headway,  and  to 
others  that  are  at  a  standstill  for  want  of  appropriate  modes 
of  mathematical  expression. 

In  selecting  a  particular  group  of  problems,  I  have  been 
guided  by  the  thought  that  there  is  one  field  of  work  which 
touches  the  domain  of  every  member  of  this  Section,  whether 
his  or  her  immediate  interests  lie  in  abstract  mathematics,  in 
physical  mathematics,  or  in  astronomy.  I  mean  the  great 
field  of  the  theory  of  functions  of  a  complex  variable. 

The  physicist  or  astronomer  who  wishes  to  understand  the 
true  nature  of  any  function  which  he  deals  with  must  study 
its  behavior  on  the  complex  plane,  its  zeros,  its  poles,  its 
singularities,  and  perhaps  its  Riemann  surface.  Moreover,  in 
dealing  with  such  important  questions  as  stability  and  in- 
stability, it  is  necessary  to  examine  the  region  of  convergence 
of  the  infinite  series  which  so  often  present  themselves ;  and 
this  cannot  be  done  with  certainty  without  the  methods  of 
function-theory. 

In  such  cases  we  use  the  function-theory  to  test  the  char- 
acter of  the  solutions  already  obtained;  and  to  find  out  the 
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regions  within  which  they  are  applicable;  but  in  the  discovery 
of  solutions  of  new  physical  problems  the  methods  of  general 
function-theory  have  seldom  been  used.  It  is  chiefly  of  its 
use  as  an  instrument  of  discovery  that  I  wish  to  speak  to- 
day. 

It  has  long  been  known  that  the  theory  of  functions  of 
a  complex  variable  is  useful  in  treating  of  the  numerous 
physical  problems  whose  solution  can  be  made  to  depend  on 
Laplace's  equation  in  two  dimensions 

C   11  C    H 

9^+9yi==°  " 

This  equation  presents  itself  in  the  theory  of  the  two-dimen- 
sional potential,  and  in  problems  relating  to  the  steady  flow 
of  heat,  of  electricity,  and  of  incompressible  fluids. 

The  essential  feature  of  the  method  in  question  is  to  take 
an  arbitrary  function  of  the  complex  variable,  and  to  express 
this  function  in  the  form 

f(x+  iy)  =  if  (.v.  y)  +  z<p  (.v,  y)  , 

in  which  0  and  (,'>  are  real  functions  of  two  real  variables  %  and  y. 

The  functions  <p  and  <!>  are  then  said  to  be  conjugate  to  each 
other,  and  are  in  all  cases  solutions  of  Laplace's  equation, 
whatever  be  the  assumed  function  /. 

Moreover,  the  two  families  of  curves 

vM-v,  y)       r,  ,     <>>  (*,  y)  =  c„, 

(in  which  c  and  c,  are  arbitrary  constant  parameters)  cut 
each  other  at  right  angles.  The  curves  of  one  system  maybe 
taken  as  equipotential  lines  and  those  of  the  other  system  will 
then  be  lines  of  force,  or  lines  of  flow.  The  physical  boundary 
of  the  region  must  be  some  one  of  the  lines  of  either  set. 

Some  interesting  applications  of  this  method  to  tidal  theory 
have  recently  been  made  by  Dr.  Rollin  A.  Harris  in  his 
.Manual  of  the  Tides,  published  by  the  Coast  Survey.*     I 


Manual  of  Tides,  Part  IV  A,  (Washington,  1901),  pp.  574-S2. 
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would  mention  especially  his  use  of  an  elliptic  function  as  the 
transforming  function,  in  the  form 

.v  4.  iy  =  sn  {*p  -f-  t<p) . 

The  two  sets  of  orthogonal  curves  drawn  by  him  may  be 
seen -in  the  Annals  of  Mathematics,  Vol.  IV,  page  83.  By 
imagining  thin  walls  erected  along  certain  of  the  stream  lines, 
we  see,  for  instance,  the  nature  of  the  flow  around  an  island 
lying  between  two  capes. 

The  direct  problem  of  determining  a  solution  of  Laplace's 
equation  that  shall  be  constant  at  all  points  of  a  boundary 
previously  assigned  is  usually  very  difficult.  It  is  a  particular 
case  of  what  is  commonly  known  as  the  problem  of  Dirichlet. 
Before  stating  this  problem  it  is  convenient  to  define  a  har- 
monic function.  Any  real  function  u(x,  y,  z)  which  satisfies 
Laplace's  equation,  and  which,  together  with  its  derivatives 
of  the  first  two  orders,  is  one-valued  and  continuous  within  a 
certain  region,  is  said  to  be  harmonic  within  that  region. 
Dirichlet's  problem  may  then  be  stated  as  follows : 

To  find  a  function  u  (x,  y,  z)  which  shall  be  harmonic  within 
an  assigned  region  T,  and  which  shall  take  assigned  values  at 
points  on  the  bounding  surface  5. 

This  problem  has  long  been  one  of  the  meeting  grounds  of 
mathematicians  and  physicists.  Some  important  mathemat- 
ical theories  have  received  their  starting  point  from  this  and 
similar  boundary-value  problems. 

In  proving  that  a  solution  always  exists,  Dirichlet  began  by 
assuming  as  self-evident  that  among  all  the  functions  which 
satisfy  the  assigned  boundary  conditions,  there  is  a  certain 
function  u  for  which  the  integral 
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I  —  I    +  !  —  I    +  I  tt-  I     \ax  dy  dz, 
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taken  throughout  the  region  7",  is  a  minimum.  This  assump- 
tion is  usually  called  Dirichlet's  principle.  If  this  principle 
be  granted  it  can  be  shown  by  the  Calculus  of  Variations  that 
the  function  u  satisfies  Laplace  s  equation ;  and  it  is  easy  te 
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prove  by  an  application  of  Green's  theorem  that  there  is  no 
other  solution. 

It  was  first  pointed  out  by  Weierstrass  that  this  assumption 
is  not  allowable.  If  only  a  finite  number  of  quantities  present 
themselves  we  can  assume  that  there  is  a  smallest  one  among 
them;  but  among  an  indefinite  number  of  quantities  in  any 
assigned  group  a  smallest  one  does  not  necessarily  exist.  Con- 
sider, for  instance,  those  rational  numbers  which  decrease 
towards  the  square  root  of  2  as  a  limit;  there  is  no  smallest 
among  them. 

This  led  mathematicians  to  seek  for  other  proofs  of  the 
existence-theorem;  and  many  interesting  developments  in 
function-theory  have  been  the  result.  Very  recently  Hilbert 
has  re-examined  Dirichlet's  assumption,  and  has  succeeded  in 
demonstrating  it,  so  that  it  is  once  more  available  as  a  start- 
ing-point for  the  existence-theorem. 

When  the  boundary  of  the  region  is  rectangular,  circular, 
spherical,  cylindrical,  conical,  or  ellipsoidal,  the  appropriate 
harmonic  functions  will  be  found  in  such  works  as  Byerly's 
"  Fourier  Series  and  Spherical  Harmonics." 

I  may  mention  here  a  new  method  of  obtaining  solutions 
of  Laplace's  three-dimensional  equation  used  by  Dr.  Harris 
and  applied  to  tidal  problems.*  He  uses  the  more  general 
complex  variable  containing  two  imaginary  units  i  and  /.  An 
arbitrary  function  of  the  form 

95  (ax  4-  iby  -f-  jcz) 

is  a  solution  of  Laplace's  equation,  provided  i  =  f  =  —  1  and 
a-  =  b'1  -f-  cl;  and  when  this  function  is  expanded,  the  real  part, 
and  the  coefficients  of  i,  of  /  and  of  ij,  are  all  separate  solutions 
of  the  differential  equation.  A  great  number  of  solutions  of 
this  and  similar  equations  can  be  obtained  by  this  method.  It 
is  to  be  hoped  that  Dr.  Han  is  may  have  time  to  develop  it 
further. 

In  order  to  lead  up  to  some  recent  applications  of  function- 
theory,  I  wish  to  speak  especially  of  another  method  of  solv- 


*Manual  of  Tides,  Part  IV  A,  pp.  584  and  597. 


ADDRESS    BY    JAMES    MoMAHON.  291 

ing  Dirichlet's  problem,  namely,  by  the  use  of  Green  s  func- 
tion. 

Green's  function  is  defined  as  follows  for  a  given  closed 
boundary  5  and  a  given  pole  Pl  within  the  bounded  region  T. 
Let  (x,  y,  z)  be  the  current  point  within  the  region,  and  let 

(xu  yu  Zi)  be  the  pole.    Then  G    '   * '     '  is  to  vanish  at  everv 

point  of  the  boundary  S,  and  is  to  be  harmonic  within  the 
region  T  except  at  the  pole  (xu  yu  s,), where  it  is  to  become  infi- 
nite as  -,  in  which  r  is  the  distance  of  the  current  point  (x,  y, 

z)  from  (xu  yu  s,). 

There  is  always  one  and  only  one  Green's  function  for  a 
given  boundary  and  pole.  The  determination  of  the  form  of 
such  function  furnishes  a  solution  of  Dirichlet's  problem;  for 
it  has  the  property  that  the  surface  integral 
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taken  over  the  boundary  of  5,  has  the  value  4-V  (.r,,  yu  z{), 

where  V  is  anv  function  harmonic  within   T,  and  -*—  is  the 

an 

normal  derivative  of  Green's  function.     Hence  the  value  of 

V  at  any  point  (xu  yu  2X)  within  the  boundary  is  expressible 

in  terms  of  its  surface  values  and  the  normal  derivative  -.-  . 

an 

Thus  the  solution  of  Dirichlet's  problem  is  reduced  to  a  problem 
in  integration  when  Green's  function  is  known. 

Some  important  recent  advances  have  been  made  in  deter- 
mining Green's  function  for  certain  boundaries.  To  make 
them  clearer  I  shall  begin  with  the  simple  problem  of  finding 
Green's  function  for  a  region  bounded  by  two  planes  at  right 
angles  and  extending  to  infinity.  Here  Lord  Kelvin's  method 
of  images  is  directly  applicable.  Let  P2  be  the  image  of  the 
pole  Px  taken  with  regard  to  the  first  plane.  Let  P;1  be  the 
image  of  P.,  with  regard  to  the  second  plane ;  and  Ft  the  image 
of  Px  as  to  the  first  plane.  Then  the  image  of  Pt  as  to  the 
second  plane  brings  us  back  to  the  first  point  P,.     These  four 
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poles  form  a  closed  system,  and  there  is  only  one  pole  in  the 
given  region.     The  required  Green's  function  is 

1 1        1 1 

r3        r       r,       r, 

in  terms  of  the  distances  of  the  current  point  (.v,  y,  z)  from 
the  four  poles.  For  this  function,  being  a  potential  function, 
satisfies  Laplace's  equation;  it  also  vanishes  on  the  bounding 
planes  by  symmetry,  and  at  infinity;  moreover,  it  becomes 

infinite  as  -  at  the  pole  Pu  and  is  infinite  nowhere  else  within 
r 

the  bounded  region. 

It  may  be  observed  that  a  direct  physical  interpretation  of 
Green's  function  is  illustrated  by  this  problem.  It  is  evi- 
dently the  combined  potential  due  to  a  positive  unit  of  elec- 
tricity placed  at  Px  and  to  the  induced  charge  on  the  bound- 
ing planes,  made  conducting  and  maintained  at  zero  potential; 
for  this  distribution  realizes  the  boundary  conditions.  Hence 
the  induced  charge  due  to  Py  is  equivalent  in  effect  to  three 
point-charges,  namely,  a  positive  unit  at  P3  and  negative  units 
at  P.,  and  P4. 

Next  consider  the  problem  in  which  the  angle  of  the  planes 
is  not  an  aliquot  part  of  -.  The  simplest  case  is  when  this 
angle  is  f  r.  Performing  the  successive  reflections  as  before,  it 
is  found  that  there  are  five  reflections  before  the  image  comes 
back  to  P,.  There  are  then  six  poles,rof  which  two  are  sit- 
uated in  the  given  region.     The  function 

n        >'■>       ra       r4       r-3       re 

satisfies  all  the  conditions  except  that  of  having  only  one  pole 
within  the  region.  It  is  thus  not  the  required  Green's  function ; 
and  Lord  Kelvin's  method  of  images  does  not  furnish  a  solu- 
tion. 

This  method  fails  in  two  large  classes  of  problems:  (r)  when 
the  successive  images  (or  poles)  do  not  form  a  closed  system ; 
(2)  when  more  than  one  of  these  poles  lie  within  the  assigned 
region. 
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By  the  conception  of  a  Riemann  space,  Professor  Sommer- 
feld*  has  recently  made  the  important  advance  of  overcoming 
the  difficulty  arising  from  the  presence  of  two  poles  within 
the  region.  He  regards  the  whole  region  as  undergoing 
successive  reflection;  and  thus,  in  the  problem  last  men- 
tioned, the  whole  of  space  is  filled  twice  over.  He  imagines 
a  twofold  Riemann  space  having  the  intersection  of  the  planes 
as  a  winding  line,  and  one  of  the  planes  as  a  branch  membrane. 
The  appropriate  coordinates  are  cylindrical  (r,  0,  z).  The 
axis  of  z  is  the  line  of  intersection,  and  the  plane  s  =  o  is  the 
plane  passed  through  the  original  pole  Pl  perpendicular  to 
the  axis  of  z.  The  radius-vector  r  is  the  distance  of  the  cur- 
rent point  from  the  s-axis,  and  d  is  the  angle  which  r  makes 
with  one  of  the  planes,  taken  as  initial  plane. 

When  any  radius-vector  oP  revolves  about  the  axis  of  z,  it 
remains  in  the  first  (or  physical)  space  until  6=  2-.  It  then 
crosses  the  branch  membrane  and  enters  the  second  fold  of 
the  Riemann  space.  In  the  problem  before  us,  a  second  revolu- 
tion brings  the  radius-vector  into  the  first  fold  again.  It  is 
to  be  understood  that  each  fold  fills  all  space.  Two  under- 
lying points  have  the  same  r  and  the  same  z,  but  their  ^-co- 
ordinates differ  by  2-  or  some  odd  multiple  of  2-  Two  points 
whose  vectorial  angles  differ  by  an  even  multiple  of  2-  are 
in  the  same  fold. 

The  problem  now  is  to  find  a  harmonic  function  which  shall 
vanish  on  each  plane  and  shall  have  only  one  pole  in  the 
original  physical  space  between  the  planes. 

Let  (r,,  dv  o)  be  the  coordinates  of  the  assigned  pole,  and 

(;-,  d,  z)  those  of  the  current  point.     Then  ~    is  a  solution  of 

Laplace's  equation,  where 

R1  =  r1  -j-  r?  —  2r;-,  cos  (6  —  6^)  _|_  z2 . 

Dr.  Sommerfeld  first  replaces  0,  by  an  arbitrary  parameter 

a,  and  denotes  the  result   by  R1.     He  then  multiplies  ^  by  an 

K 

*Proc.  London  Math.  Soc,  1897,  "  Ueber  verzweigte  Potentiale 
im  Raura." 
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arbitrary  function  /(a),  and  integrates  with  regard  to  a. 
The  result  is  still  a  solution  of  Laplace's  equation.  By  a 
proper  choice  of  the  function  /,  and  of  the  range  of  integra- 
tion, he  obtains  a  function  of  (r,  0,  z)  satisfying  all  the  con- 
ditions.    He  takes 


and  puts 


l-jj^f(a)  da. 


u1  = 

4 


then  regards  a  as  a  complex  number,  and  performs  the  integra- 
tion in  the  a-plane  around  a  contour  enclosing  the  point  a='0u 
and  excluding  the  other  points  where  the  integrand  becomes 
infinite.  The  function  u1  thus  obtained  becomes  infinite  at 
the  pole  (ru  0U  o),  but  does  not  fulfill  the  condition  of  vanish- 
ing on  the  two  planes.  Sommerfeld  next  forms  a  similar 
function  w.2  for  the  second  pole  (r.,,  0.,,  o),  and  so  on.  The 
required  Green's  function  is 

U  =  Uj  —  U.t  4-  UA  —  l(i  _|_  U-3  —  llf,  ' 

The  poles  of  ul  and  ui  would,  under  ordinary  circumstances, 
both  lie  in  the  given  region,  but  the  pole  of  ti4  is  given  such  a 
vectorial  angle  as  to  bring  it  into  the  second  fold  of  the  Rie- 
mann  space.  The  function  u  has  then  only  one  pole  for  the 
physical  region  defined  by  o  <  0  <  2- . 

Moreover  u  vanishes  for  points  on  the  two  planes,  and  at 
infinity,  and  satisfies  all  the  other  conditions  for  Green's 
function. 

Thus  we  see  how  a  function,  which  would  be  two-valued  and 
bi-polar  if  restricted  to  the  given  physical  region,  becomes 
single-valued  and  uni-polar  in  the  Riemann  space.  We  may  say 
that  the  second  fold  of  this  space  is  a  refuge  for  the  second 
value  and  the  second  pole.  Care  has  to  be  taken  to  use  the 
proper  values  for  0  when  the  indicated  operations  are  being 
performed.     These  require  skill   in   the   deformation   of  the 
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path  of  integration.  The  difficulties  of  the  problem  are  thus 
reduced  to  those  of  the  Integral  Calculus.  In  the  more  gen- 
eral case  in  which  the  angle  of  the  planes  is      it.  there  are  211 

in 

poles  in  the  circuit  (one  in  each  angle  — ),  of  which  n  are  in 

the  given  region.     The  Riemann  space  is  then  u-fold. 

Sommerfeld  has  worked  out  at  length  the  very  interesting 
case  in  which  the  angle  between  the  planes  is  2-.  The  region 
is  then  bounded  by  the  surfaces  z  =  ±  00,  r  =  <x>,  6  —  o, 
6  =  2-;  the  last  two  being  the  two  faces  of  an  infinite  half 
plane  with  a  straight  edge.  The  assigned  pole  and  its  image 
are  both  in  the  given  region;  hence,  the  corresponding  Rie- 
mann space  is  two-fold,  and  the  required  solution  is 

71  =  u  (tfj)  —  u  (—  02)  , 

where  u  is  of  the  same  form  as  //,  written  above. 

By  inversion  with  regard  to  different  centers,  various  other 
problems  are  reduced  to  this  one;  for  instance,  the  case  of 
the  infinite  plane  with  a  circular  aperture,  the  circular  disc, 
and  the  spherical  segment. 

With  regard  to  the  uniqueness  of  the  solution  Sommerfeld 
has  proved,  by  a  remarkable  use  of  function-theory  methods, 
that  a  function  satisfying  the  conditions  already  laid  down  for 
Green's  function  is  uniquely  determined  in  a  Riemann  space. 

I  next  speak  of  some  recent  advances  in  the  solution  of 
an  equation  more  general  than  Laplace's,  namely,  the  dif- 
ferential equation 

/■vi  <"y>  T2 

ati       o  u       a  u        7> 

dxl       dy        ozl    ' 

which  plays  such  an  important  part  in  the  treatment  of  vibrat- 
ing systems  of  various  kinds ;  and  I  may  introduce  them  by  a 
quotation  from  Pockels'  treatise  on  this  equation. 

"Those  solutions  of  our  differential  equation,  which,  in 
accordance  with  their  physical  significance,  are  regarded  as 
single-valued  within  certain  bounded  regions,  would  by  an- 
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alvtical  continuation  over  the  boundary  in  general  become 
multiform.  Therefore,  both  from  a  mathematical  and  physi- 
cal standpoint,  multiform  functions  are  important,  and  it  is 
very  desirable  that  the  properties  of  such  functions,  their 
winding  points  and  singularities,  their  behavior  on  Riemann 
surfaces,  etc.,  should  be  systematically  investigated — in  short, 
all  the  function-theory  questions  which  were  handled  in  the 
theory  of  the  Newtonian  and  Logarithmic  potential.   .   .   . 

"  Similarly  as  we  have  treated  of  solutions  that  are  single- 
valued  in  the  whole  plane,  it  would  be  of  interest  to  seek 
functions  which  are  single-valued  on  a  closed  Riemann  surface, 
or  in  an  analogous  three-dimensional  region,  more  especially 
those  functions  which  are  everywhere  finite  and  continuous, 
namely,  the  so-called  '  principal  solutions '  within  the  region 
in  question.  Finally  there  is  the  further  investigation  of  the 
essential  singularities,  and  the  natural  boundaries  which  the 
functions  satisfying  this  equation  may  present.   .   .   . 

"Investigations  regarding  these  questions  have  not  yet  been 
made,  more  especially  the  integration  of  our  equations  for  a 
closed  manifold  has  hardly  been  touched.  In  this  direction 
of  inquiry  without  doubt  a  wide  and  rich  field  offers  itself." 

These  words  were  written  in  1890,  and  in  1897  appeared 
Professor  Sommerf eld's  suggestive  paper  on  multiform  poten- 
tial functions  of  which  I  have  given  some  account  above.  He 
and  his  pupil,  Dr.  Carslaw,  have  also  attacked  the  multiform 
solutions*  of  the  more  general  equation  to  which  Pockels 
refers. 

The  first  problem  that  presents  itself  is  to  find  a  solution  that 
has  no  pole,  and  is  multiform  with  period  2111:  in  the  ordinary 
sense,  but  on  a  certain  7z-sheeted  Riemann  surface  is  uniform. 
The  case  n  =  2  solves  the  following  well-known  physical 
problem : 

Plane  waves  of  sound,  light  or  electricity  are  incident  on  a 
thin  infinite  half-plane  bounded  by  a  straight  edge,  to  find 
the  resulting  diffraction  of  the  waves. 

*Proc.  Lond.  Math.  Soc,  1898.  "Some  multiform  solutions 
of  the  Partial  Differential  Equations  of  Physical  Mathematics  and 
their  Applications." 
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This  problem  had  previously  been  mentioned  by  Lord 
Rayleigh  in  the  article  on  Wave  Theory  in  the  Encylopedia 
Britannica  in  the  following  terms:  "The  full  solution  of  prob- 
lems concerning  the  mode  of  action  of  a  screen  is  scarcely  to 
be  expected.  Even  in  the  simple  case  of  sound  where  we 
know  what  we  have  to  deal  with,  the  mathematical  difficulties 
are  formidable,  and  we  are  not  able  to  solve  such  an  apparently 
elementary  question  as  the  transmission  of  sound  past  a  rigid 
infinite  thin  plane  screen  bounded  by  a  straight  edge  or  per- 
forated with  a  circular  aperture." 

Again  the  same  author  says  in  his  work  on  the  Theory  of 
Sound:*  "The  diffraction  of  sound  is  a  subject  which  has  at- 
tracted but  little  attention  either  from  mathematicians  or 
experimentalists.  Although  the  general  character  of  the 
phenomena  is  well  understood,  and  therefore  no  very  striking 
discoveries  are  to  be  expected,  the  exact  theoretical  solution  of 
a  few  of  the  simpler  problems,  which  the  subject  presents, 
would  be  interesting." 

Accordingly  the  recent  solutions  of  Sommerfeld  and  Carslaw 
are  very  welcome  to  mathematicians  and  physicists.  A  very 
brief  sketch  of  the  principle  of  the  method  may  here  be  given. 
T  Let  the  waves  come  from  the  direction  6  =  6V  and  be  incident 
on  the  plane  d  =  o,  the  direction  of  the  waves  being  perpen- 
dicular to  the  straight  edge.  In  the  (x,  y)  plane,  or  in  the 
(r,  d)  plane,  the  origin  will  be  regarded  as  a  winding  point,  and 
the. line  d  =  r  +  dx  a  branch  line.  Start  with  the  simplest  two- 
dimensional  solution  of  our  differential  equation,  namely,  that 
for  undisturbed  plane  waves  in  infinite  space, 

u  =  e*rcos(fl  —  e,)? 

replace  0,  by  a,  multiply  by  the  same  twofold  function  of  a 
as  before,  and  integrate  around  the  point  a  =  dx  in  the  complex 
a-plane.  The  result  of  the  integration  is  a  multiform  solution 
of  period  4-.  The  solution  of  the  physical  problem  is  obtained 
by  adding  the  multiform  solution  for  waves  coming  from  the 
direction  dx  to  that  for  the  direction  —  6X.     There  is,  of  course, 

*Theory  of  Sound,  Vol.  II,  p.  141. 
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considerable  difficulty  in  performing  the  indicated  operations, 
but  this  does  not  diminish  the  theoretical  value  of  the  solution, 
as  the  difficulties  belong  only  to  the  Integral  Calculus. 

The  three-dimensional  problem  in  which  the  edge  of  the 
plane  is  not  perpendicular  to  the  direction  of  the  waves  has 
also  been  treated  by  Dr.  Carslaw.* 

The  next  problem  in  order  is  that  of  waves  issuing  from  a 
point-source  against  the  infinite  half-plane,  either  in  two  or 
in  three  dimensions. 

In  the  latter  case  we  start  with  the  undisturbed  solution  in 
infinite  space 

e — ikR 


~     R     ' 
and  treat  this  function  as  we  treated  -^  in  the  potential  problem. 

We  put  poles  at  (>-,,  #,  o,)  and  (r,,  _  #,,  o),  and  take  the  phys- 
ical space  as  defined  by  o  <  0  <  2-  . 
It  will  be  found  that  the  function 

u  =  u  (tf,)  _  u  (_  ex) 

satisfies  all  the  assigned  conditions  in  the  physical  space. 

In  the  corresponding  two-dimensional  problem,  the  start- 
ing point  is  the  undisturbed  solution 

where  Y0  is  the  Neumann  function. 

The  same  method  is  applicable  to  problems  in  the  flow  of 
heat,  in  which  the  equation 

,  j  9*u      9'2u      9'2u  \      9zt 


[9xi  +  9y  +  9z*\   ~  9t 


is  to  be  satisfied.     The  starting  point  is  the  solution  for  a 
point-source  in  an  infinite  solid 

exp  I  — j —  I 


(4*£/)*     r  I  \kt  j  " 


*Proc.  Edinburgh  Math.  Soc,  1901. 
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In  a  recent  paper  published  in  the  Zeitschrift,*  Sommerfeld 
has  extended  the  method  so  as  to  apply  to  the  problem  of 
Rontgen  Rays  encountering  an  obstacle  represented  by  the 
same  half-plane.  He  obtains  a  multiform  solution  of  Max- 
well's equations,  and  adapts  it  to  the  physical  conditions, 
comparing  the  results  with  experimental  data. 

The  induced  currents  flowing  in  an  infinite  half-plane  have 
been  studied  by  Mr.  Jeansf  by  the  multiform  method,  using 
a  Riemann  space  with  a  single  winding  line. 

The  next  advance  was  to  solve  a  problem  in  multiform 
potentials  in  a  Riemann  space  with  two  winding  lines.  Such  a 
case  presents  itself  in  finding  Green's  function  for  an  infinite 
plane  with  an  infinitely  long  strip  cut  out.  Sommerfeld  has 
treated  this  problem  by  the  use  of  the  bi-polar  coordinate 
system 

p  =   log   J   ,     ?    =   01  -  02  . 

This  is  the  system  used  so  skilfully  by  Maxwell,  in  which 
the  loci  p  =  Clt  (f  =  C2,  form  two  series  of  orthogonal  circles  (or 
cylinders).  The  Riemann  surface  has  two  winding  lines  corre- 
sponding to  p  =  ±  00,  and  a  branch  membrane  <p  =  o. 

The  work  of  obtaining  solutions  of  our  differential  equa- 
tions on  other  Riemann  surfaces  has  yet  to  be  done.  The  dif- 
ficulty lies  in  finding  an  appropriate  system  of  coordinates. 
This  is  an  attractive  field,  and  it  seems  worthy  of  the  attention 
of  the  best  pure  mathematicians. 

It  is  interesting  to  note  that  the  idea  of  obtaining  a  new  solu- 
tion by  integrating  an  old  solution  in  the  complex  plane  with 
regard  to  a  parameter  seems  to  have  occurred  independently 
to  a  Scotch  mathematician  (J.  Dougal,  Proceedings  Edin- 
burgh Math.  Soc,  1901).  For  instance,  he  regards  Bessel's 
function  Jn(kr)  as  a  function  of  its  order  n,  and  integrates 
with  regard  to  n.  The  Legendrian  and  other  functions  may 
be  treated  in  the  same  way.  New  functions  are  thus  ob- 
tained that  satisfy  various  boundary  conditions. 

*Schlomlich's  Zeitschrift,  190 1 ,  "'Liber  die  Beugung  der  Ront- 
genstrahlen." 

tProc.  London  Math.  Soc,  1899. 
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All  that  I  have  said  illustrates  the  need  there  is  for  new 
forms  of  functional  relationship.  The  more  new  functions  we 
can  invent  the  better;  that  is  to  say,  functions  with  new  and 
varied  characteristic  properties.  We  look  to  general  func- 
tion-theory to  supply  them.  One  never  knows  how  soon  they 
may  find  suitable  use  in  some  field  of  pure  or  applied  mathe- 
matics. I  said  at  the  beginning  that  a  number  of  physical 
problems  are  at  a  standstill  for  want  of  an  appropriate  mode 
of  mathematical  expression.  In  proof  of  this  I  may  here 
quote  the  words  of  a  few  experts  in  different  lines  of  work. 
Lord  Rayleigh  says:*  "When  the  fixed  boundary  of  a  mem- 
brane is  neither  straight  nor  circular,  the  problem  of  deter- 
mining its  vibrations  presents  difficulties  which  in  general 
could  not  be  overcome  without  the  introduction  of  functions 
not  hitherto  discussed  or  tabulated.  A  partial  exception 
must  be  made  in  favor  of  an  elliptic  boundary." 

I  may  note  here  that  Mathieuf  solved  the  problem  of  the 
elliptic  membrane  by  transforming  the  differential  equation 
to  elliptic  coordinates  (A,  p.),  so  that  one  coordinate  k  would  be 
constant  on  the  elliptic  boundary,  and  then  satisfying  the 
equation  by  means  of  a  product  function 

u  =  cr(/)  .  c'' (/,.), 

making  <p{X)  vanish  on  the  boundary.  This  method  might 
seem  promising  for  other  boundaries;  but  Michelli  has  proved 
that  the  elliptic  transformation  is  the  only  one  that  leads  to 
an  equation  capable  of  being  satisfied  in  the  product  form. 

Lord  Rayleigh  says  in  another  place :||  "The  problem  of  a 
vibrating  rectangular  plate  is  one  of  great  difficulty,  and  has  for 
the  most  part  resisted  attack.  .  .  .  The  case  where  two  oppo- 
site edges  are  free,  while  the  other  two  are  suppcrted,  has 
been  discussed  by  Voigt."§ 

♦Theory  of  Sound,  Vol.  I,  p.  343. 

fCours  de  physique  mathematique,  1873,  p.  122;  Lionvillc. 
1868. 

X Messenger  of  Math.,  1890. 
||Theory  of  Sound,  Vol.  I,  p.  372. 
§Gottingen  Nachrichten,  1893. 
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In  connection  with  air  vibrations  he  says*  "The  investiga- 
tion of  the  conductivity  for  various  kinds  of  channels  is  an 
important  part  of  the  theory  of  resonators,  but  in  all  except 
a  very  few  cases  the  accurate  solution  of  the  problem  is  beyond 
the  power  of  existing  mathematics." 

Prof.  E.  L.  Brown,  in  his  Report  on  Hydro-dynamics  pre- 
sented to  the  Boston  meeting,  says:  "No problem  of  discon- 
tinuous motion  in  three  dimensions  has  yet  been  solved.  The 
difficulty  is  one  which  can  easily  be  appreciated.  The  theory 
of  functions  deals  with  a  complex  of  the  form  x  +  iy,  and  this 
satisfies  all  problems  in  two  dimensions.  But  little  has  been 
done  with  a  vector  in  three  dimensions.  Perhaps  the  paper 
on  potentials  by  Sommerfeld,  in  the  Proceedings  of  the  London 
Mathematical  Society  last  year,  may  have  some  bearing  on  the 
problem;  it  is  in  any  case  worth  serious  study.  The  subject  of 
discontinuous  motion  was  set  for  the  Adams'  prize  in  1895. 
A  solution  for  a  solid  of  revolution  was  asked  for,  and  it  was 
generally  supposed  that  the  circular  disc  would  be  the  easiest 
to  attempt.  Xo  solution  was  sent  in.  One  prominent  mathe- 
matician, who  has  aided  considerably  in  the  development  of 
hydro-dynamics,  mentioned  that  he  had  worked  for  six  months 
and  had  obtained  absolutely  nothing.  A  magnificent  recep- 
tion, therefore,  awaits  the  first  solution." 

Mr.  Hayfordf  writes :  "The  most  important  tidal  problem 
before  us  is  that  of  determining  the  relation  between  the 
boundaries  (bottoms  and  shores)  and  the  modification  pro- 
duced by  them  on  the  tidal  wave." 

Professor  Webster,  in  his  Report  on  Recent  Progress  in 
Electricity  and  Magnetism  presented  to  the  Boston  meeting, 
says:  "The  problem  of  electrical  vibrations  in  a  long  spheroid 
is  next  to  be  attacked,  and  then  perhaps  on  surfaces  obtained 
by  the  revolution  of  the  curves  known  as  cyclides.  The  intro- 
duction of  suitable  curvilinear  coordinates  into  the  partial 
differential  equations,  will  lead  us  in  the  case  of  the  spheroid 
to  new  linear  differential  equations  analogous  to,   but  more 


*Vol.  II,  p.  175. 

tScience,  Vol.  VIII,  1898,  p.  810. 
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complicated  than  Lame's,  and  will  necessitate  the  investi- 
gation of  new  functions  and  developments  in  series." 

Dr.  Webster  also  commends  to  the  attention  of  pure  mathe- 
maticians the  various  differential  equations  which  are  to  be 
found  in  Heaviside's  electrical  papers;  more  especially  the 
question  of  existence  theorems. 

I  may  mention  here  that  Hilbert,  in  a  recent  volume  of  the 
Archiw*  suggests  the  question  of  proving  an  existence- 
theorem  for  the  solution  of  any  differential  equation  subject 
to  assigned  boundary  conditions. 

Even  a  partial  solution  of  any  one  of  these  problems  might 
open  up  new  relationships  and  widen  the  intellectual  horizon. 

It  is  a  hopeful  sign  that  several  resourceful  pure  mathe- 
maticians are  turning  their  attention  to  such  questions. 
Speaking  at  the  Chicago  Mathematical  Congress  in  1893, 
Professors  Klein  and  Webster  deplored  the  growing  separa- 
tion of  the  pure  and  physical  branches  of  mathematics,  and 
pointed  out  the  great  loss  that  would  result  to  each  of  the 
divergent  branches.  The  recent  increased  attention  to  mathe- 
matical history  has  enforced  this  opinion.  The  influence  of 
Klein,  Poincare,  Weber  and  others,  has  been  helpful  as  a 
corrective  on  the  continent  of  Europe.  The  British  Uni- 
versities have  steadfastly  treated  mathematical  physics  as  an 
organic  part  of  mathematical  discipline.  The  same  state- 
ment could  not  be  made  with  regard  to  all  of  the  American 
Universities ;  but  there  are  many  signs  of  improvement.  With 
a  true  historical  instinct,  this  Section  of  the  Association,  and 
its  ally,  the  American  Mathematical  Society,  have  exerted 
their  influence  for  an  organic  union  of  the  entire  mathe- 
matical field.  On  the  whole,  the  indications  are  that  the 
separation  which  was  so  deplored  ten  years  ago  is  now  being 
arrested. t 

I  have  spoken  above  of  the  discovery  of  new  functional 
relations ;  but  a  useful  work  might  also  be  done  in  completing 
the  tabulation  of  old  functions.  The  sister  Association  in 
England  has  set  a  good  example  in  the  work  of  its  Committee 

*Archiv  der  Math,  und  Phys.,  1901,  p.  228. 

+This  paragraph  has  been  amplified  since  the  address  was  read. 
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on  Tables.     The  tables  of  elliptic  integrals  given  by  Legendre 

ought  to  be  extended;  and  similar  tables  for  the  elliptic  func- 
tions would  be  welcomed.  The  Neumann  function  needs 
tabulation,  and  several  others  might  be  mentioned.  In  many- 
existing  tables  the  interval  of  the  argument  should  be  made 
narrower.  The  familiar  functions  ought  to  be  tabulated  on 
the  complex-plane.  The  labor  could  easily  be  divided  up.  I 
have  myself  made  a  beginning  of  this  kind  of  work  by  com- 
puting the  trigonometric  and  hyperbolic  sine  and  cosine  of 
x  +  iy  for  values  of  x  and  y  ranging  separately  from  o  to  £-  at 
intervals  of  .  i ;  it  was  published  in  Merriman  and  Woodward's 
Higher  Mathematics,  1896,  and  I  have  already  had  my  reward 
in  the  fact  that  one  electrical  engineer  has  told  me  that  he  has 
used  this  complex  table  in  the  application  of  vector-theory  to 
alternating  currents.  In  connection  with  the  chart  already 
referred  to,  Dr.  Harris  has  given  a  convenient  method  of  com- 
puting sns,  ens,  dns.  My  friend,  Dr.  Virgil  Snyder,  has  tabu- 
lated, under  Professor  Klein's  direction,  the  Weierstrass 
sigma  and  zeta  functions  for  the  case  g3y=  o.  The  tables 
extend  over  nine  parallelograms  in  the  complex  plane  at 
intervals  of  one  twenty-fourth  of  each  period.  They  are 
now  being  published  in  Martin  Schilling's  Modell  Verlag 
(Halle).     The  case  g.,  =  o  will  next  be  treated. 

I  have  also  drawn  the  attention  of  the  Section  on  former 
occasions  to  the  importance  of  tabulating  certain  fundamental 
integrals,  so  as  to  increase  our  stock  of  what  are  called  "known 
functions,"  in  terms  of  which  many  other  integrals  might  be 
expressed.     Among  these  were  the  two  integrals 


I  log  sin  xrix,      j  f/lt  ( x )  dx 


In  all  I  have  said  regarding  things  that  have  been  recently 
done,  and  other  things  that  remain  undone,  it  will  be  under- 
stood that  I  have  confined  myself  to  some  of  the  matters  that 
have  been  forced  on  my  own  attention.  Many  members  of 
this  Section,  and  of  its  esteemed  affiliated  Societv,  know  of 
other  recent  advances,, and  other  standing  problems.     Not  to 
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go  beyond  the  list  of  past  officers  that  lies  before  me,  I  see 
the  names  of  Eddy,  Woodward,  Waldo,  and  Ziwet,  who  could 
tell  us  of  the  new  problems  in  Mechanics  and  Dynamics. 
Gibbs,  Hyde,  or  Macfarlane  could  speak  for  Quaternions 
and  Vector  Analysis;  Bigelow  for  the  Mechanics  of  the  Atmos- 
phere; Hayford  for  Geodetic  and  Tidal  Problems;  Storey  for 
Invariant  Theory;  Johnson  for  Differential  Equations;  Moore 
for  Function  Theory;  Beman,  Phillips  or  Strong  for  Geometry 
and  Analysis;  Miller  for  Group  Theory.  Then  to  speak  for 
the  various  fields  of  astronomical  work  we  have  a  noble  band 
consisting  of  Newcomb,  Young,  Pickering,  Langley,  Hall, 
Harkness,  Hough,  Van  Vleck,  Eastman,  Stone,  Chandler, 
Doolittle,  Comstock,  Paul,  Upton,  Holden,  Kershner,  Frisby, 
Barnard,  Hall,  Frost  and  Lord. 

It  would  seem  that  the  work  of  the  Section  not  only  ad- 
vances Science  but  tends  to  prolong  life;  for  I  find  only  two 
starred  names  in  the  list  of  officers  since  the  Section  was  re- 
organized on  its  present  basis  twenty  years  ago. 

Rogers  and  Ferrel  have  entered  into  the  larger  life,  and 
their  works  do  follow  them,  for  they  are  being  carried  on  to 
wider  issues. 


REPORTS  READ. 


.4  REPORT  ON  RECENT  PROGRESS  IN  THE  QU.  \  TER. 
NION  ANALYSIS. 


BY  ALEXANDER  MACFARLAXE. 

[Read  before  Section  A  of  the  A.  A.  A.  S.,  Pittsburg  Meeting, 
July  2,  1902.] 

In  response  to  an  invitation  from  the  officers  of  the  Sec- 
tion I  have  prepared  a  short  report  on  the  progress  of  the 
quaternion  analysis.  I  have  limited  my  remarks  mainly  to 
what  has  been  done  within  the  last  twelve  years  or  so,  and 
in  what  I  have  written  I  have  followed  a  geographical  arrange- 
ment. 

First  of  all  let  me  direct  your  attention  to  what  has  been 
accomplished  in  Great  Britain — the  birthplace  of  the  analysis. 

For  many  years,  owing  to  the  eminence  of  Professor  Tait, 
Edinburgh  was  the  center  of  quaternion  research.  Occupying 
the  chair  of  natural  philosophy,  he  did  not  have  the  oppor- 
tunity to  teach  the  analysis  to  students,  but  he  delivered 
several  inspiring  addresses  on  the  subject  to  scientific  societies 
composed  of  students  and  graduates.  His  students  in  quater- 
nions were  the  readers  of  his  Elementary  Treatise,  and  these 
were  of  all  ages  and  of  all  countries.  His  original  papers  were 
mostly  contributed  to  the  Royal  Society  of  Edinburgh,  and 
printed  in  either  their  Transactions  or  Proceedings.  Most  of 
their  results  are  embodied  in  his  Treatise,  but  the  papers  them- 
selves have  [now  been  made  more  accessible,  through  the  re- 
printing of  all  his  Scientific  Papers  by  the  Cambridge  Univer- 
sity Press.  The  plan  of  publication  provides  for  three  vol- 
umes, of  which  the  first  appeared  in  1898,  the  second  in  1900, 
both  edited  by  Tait  himself ;  but  the  third  must  be  posthumous, 
for  in  1 90 1  death  ended  the  scientific  labors  of  this  eminent 
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mathematician  a  few  months  after  he  had  resigned  his  appoint- 
ment as  professor.  He  had  looked  forward  to  devoting  the 
leisure  of  his  retirement  to  quaternion  research,  and  two  days 
before  his  death  he  covered  a  sheet  of  foolscap  with  a  quater- 
nion investigation.  The  third  volume  will  contain  a  few  later 
papers,  a  complete  list  of  his  writings,  and  an  index  to  the 
Reprint.  Out  of  the  133  papers  printed  in  the  volumes  which 
have  appeared,  41  are  on  the  subject  of  quaternions;  they  are 
not  printed  together,  but  are  scattered  throughout  the  two  vol- 
umes mainly  in  the  order  of  their  publication.  Some  of  his  first 
writings  on  the  subject  were  strictly  expository,  and  appeared 
as  short  articles  in  the  Messenger  of  Mathematics;  these  have 
not  been  reprinted.  Other  contributions  were  applications 
of  the  quaternion  analysis  to  physical  problems,  such  as 
Fresnel's  wave-surface,  electro-dynamics,  the  potential  of  a 
closed  circuit;  they  were  written  while  he  was  a  professor  of 
mathematics  at  Belfast,  and  appeared  in  the  Quarterly  Journal 
of  Mathematics.  Their  object  is  to  apply  the  new  analysis  to 
give  a  more  direct  and  logical  treatment  of  the  subjects  men- 
tioned; for  this  reason,  rather  than  for  any  original  results, 
they  find  a  place  at  the  beginning  of  the  first  volume.  After 
Tait's  translation  to  Edinburgh  his  quaternion  researches  were 
almost  all  published  in  the  Transactions  or  Proceedings  of  the 
Royal  Society  of  Edinburgh.  The  transactions  contain  the 
following  memoirs :  "  On  the  Rotation  of  a  Rigid  Body  about  a 
Fixed  Point,"  "On  Green's  and  other  Allied  Theorems,"  "On 
Orthogonal  Isothermal  Surfaces,"  and  "  On  Minding's  Theorem. 
In  the  second  of  these  memoirs  and  in  several  minor  papers 
printed  in  the  Proceedings  he  developed  the  subject  of  quater- 
nion integration,  which  had  been  left  undeveloped  by  Hamil- 
ton. Another  class  of  reprints  consists  of  articles  on  "  Quater- 
nions "  and  on  "Hamilton,"  reprinted  from  the  Encyclopedia 
Ilritannica,  and  of  addresses  delivered  to  Section  A  of  the 
British  Association  and  to  the  Physical  Society  of  the  Uni- 
versity of  Edinburgh,  both  of  which  contain  an  eloquent  plea 
for  quaternions.  The  numerous  letters  and  papers  which  he 
wrote  in  controversy,  are  not  included  in  these  volumes  with 
the  exception  of  the  paper  "On  the  Intrinsic  Nature  of  the 
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Quaternion  Method,"  which  he  wrote  in  reply  to  Cayley's 
paper  "Coordinates  versus  Quaternions";  and  one  of  the 
letters  which  appeared  in  Nature  in  reply  to  Prof.  Gibbs. 

The  controversy  with  Prof.  Gibbs  arose  from  the  following 
remark  made  in  the  preface  to  the  third  edition  of  Tait's 
Elementary'.  Treatise:  "Even  Prof.  Willard  Gibbs  must  be 
ranked  as  one  of  the  retarders  of  quaternion  progress,  in  virtue 
of  his  pamphlet  on  Vector  Analysis;  a  sort  of  hermaphrodite 
monster,  compounded  of  the  notations  of  Hamilton  and  of 
Grassmann."  Prof.  Gibbs  justified  his  departure  from  quater- 
nionic  usage  by  maintaining  that  whereas  the  scalar  product 
and  the  vector  product  are  each  fundamental  notions  in  vector 
analysis;  the  quaternion  product,  the  quaternion  quotient,  and 
the  quaternion  in  general  are  in  comparison  trivial  and  arti- 
ficial. He  admitted  that  the  quaternion  afforded  a  convenient 
notation  for  rotations,  but  added  that  rotations  may  also  be 
represented  by  the  linear  vector  function.  In  his  second 
letter  to  Nature,  May  28,  1891,  Prof.  Gibbs  made  a  comparison 
of  Hamilton's  and  Grassmann's  systems  as  geometrical 
algebras,  concluding  thus:  "We  have  then  as  geometrical 
algebras  published  in  1844  an  algebra  of  vectors  common  to 
Hamilton  and  Grassmann,  augmented  on  Hamilton's  side 
by^the  quaternion  and  on  Grassmann's  by  his  algebra  of 
points.  This  statement  should  be  made  with  the  reserva- 
tion that  the  addition  both  of  vectors  and  of  points  had  been 
given  by  earlier  writers." 

Tait's  principal  reply,  founded  on  an  observation  of  Hamil- 
ton's, is  that  it  was  solely  because  Grassmann  had  not  real- 
ized the  conception  of  the  quaternion  whether  as  /3a  or  as  fiar1 
that  he  felt  those  difficulties  as  to  angles  in  space  which  he 
says,  in  the  preface  to  the  Ansdehnnngslchre  of  1844,  he  had 
not  had  leisure  to  overcome.  On  consulting  the  passage  re- 
ferred to,  I  find  that  Grassmann  mentions  that  ea  expresses 
an  angle  operator,  a  denoting  the  angle  in  the  geometrical 
sense;  and  that  for  a  constant  plane  «  can  be  analyzed  into 
aV —  1  where  a  is  the  circular  measure  of  the  angle.  He 
observes  further  that  the  pure  imaginary  with  the  circular 
measure  will  not  suffice  for  angles  in  space,  and  that  there  are 
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difficulties  in  the  matter  which  he  has  not  been  able  to  surmount. 
Now  the  quaternion  stripped  of  its  tensor  factor  expresses 
this  notion  (but  in  a  reduced  form)  by  its  sum  of  a  scalar  and  a 
vector,  the  very  combination  which  to  Prof.  Gibbs  appears 
devoid  of  trigonometric  import.  Further,  an  improved  analytic 
notation  for  a  quaternion  is  derived  from  the  exponential  form 
looked  at  by  Grassmann,  by  analyzing  a  into  a\/ —  i  a0  where 
a„  denotes  a  unit  axis.  The  only  step  which  Grassmann  failed 
to  take  was  the  introduction  of  the  third  element  «0to  denote 
the  axis  of  the  plane. 

Mr.  Heaviside,  for  the  purpose  of  his  electrical  investiga- 
tions, makes  use  of  a  vector-analysis  which  he  rather  facetiously 
describes  as  "Quaternions  without  the  quaternions."  This 
strikes  one  as  a  mathematical  instance  of  the  play  of  Hamlet 
with  the  character  of  Hamlet  left  out.  As  regards  the  notion 
of  the  quaternion  he  says  (Electro-magnetic  Theory,  Vol.  I, 
p.  136):  "The  quaternion  and  its  laws  were  discovered  by  that 
extraordinary  genius  Sir  W.  Hamilton.  A  quaternion  is 
neither  a  scalar  nor  a  vector,  but  a  sort  of  combination  of 
both.  It  has  no  physical  representatives,  but  is  a  highly 
abstract  mathematical  concept.  It  is  the  operator  which 
turns  one  vector  into  another.  It  has  a  stretching  faculty 
first,  to  make  the  one  vector  become  as  long  as  the  other,  and 
a  rotating  faculty  to  bring  the  one  into  parallelism  with  the 
other.  Now  in  Quaternions  the  quaternion  is  the  master,  and 
lays  down  the  law  to  the  vector  and  scalar.  Everything 
revolves  round  the  quaternion.  The  laws  of  vector  algebra 
themselves  are  established  through  quaternions,  assisted  by  the 
imaginary  \/ —  1 .  But  I  am  not  sure  that  any  one  has  ever 
quite  understood  this  establishment.  It  is  done  in  the  second 
chapter  of  Tait's  Treatise.  I  never  understood  it,  but  had  to 
pass  on.  •  That  the  establishment  is  not  demonstrative  may 
be  the  reason  of  the  important  changes  made  therein  in  the 
third  edition.  But  it  is  still  undemonstrative  to  me,  though 
much  improved." 

Mr.  Heaviside  is  right  in  criticising  the  definition  of  a  quater- 
nion which  says  that  it  is  the  operator  which  turns  one  vector 
into  another.      Let  q  denote  a  quaternion  and  p  a  vector. 
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According  to  the  principles  of  the  quaternion  analysis  q/>  is  in 
general  not  a  vector  but  a  quaternion ;  but  if  q  were  really  an 
operator  qp  would  be  always  a  vector,  having  a  directed  compo- 
nent parallel  to  p  as  well  as  a  directed  component  perpendicu- 
lar to  ,".  The  truth  is  that  in  the  quaternion  analysis  qi>  is  a 
product  of  two  quaternions,  the  second  factor  differing  from 
the  first  only  in  that  its  angle  is  not  general  but  a  quadrant. 
The  physical  representative  of  the  quaternion  is  an  angle  in 
space  associated  with  a  multiplier.  I  agree  with  Mr.  Heavi- 
side  in  holding  that  the  establishment  of  the  laws  of  Quater- 
nions given  in  the  second  chapter  of  T  ait's  Treatise  is  not 
demonstrative.  There  i  j  k  are  used  to  denote  quadrants 
round  a  mutually  perpendicular  system  of  axes,  and  j  j  k  to 
denote  these  axes  themselves ;  ij  is  the  product  of  two  angles 
taking  j  first,  and  it  is  true  that  ij  =  k ;  i\  denotes  i  operating  on 
j  and  it  is  true  that  i\  —  k  To  complete  the  parallelism  it 
is  necessary  that  ii  and  i\  should  give  the  same  result.  The 
product  of  two  quadrantal  angles  round  i  is  iwt  which  for  cer- 
tain purposes  may  be  reduced  to  —  i ;  but  i  operating  on  j 
leaves  it  j.  The  parallelism  breaks  down.  Are  we  to  be 
asked  to  believe  that  in  ij  i  is  an  operator  and  j  an  operand, 
but  that  in  ii  both  symbols  are  operators  ? 

In  1892  Prof.  Knott  contributed  to  the  Royal  Society  of 
Edinburgh  a  paper  entitled  "Recent  Innovations  in  Vector 
Theory,"  in  which  he  essays  to  reply  to  the  criticisms  of  "a 
clique  of  vector  analysts  who*  refuse  to  admit  the  quater- 
nion to  the  glorious  company  of  vectors."  The  alleged  clique 
was  said  to  comprise  Gibbs  and  Heaviside  and  myself  on 
account  of  a  paper  which  I  read  before  the  Washington  meet- 
ing of  this  Association.  This  was  surprising  news  to  me,  for 
at  the  time  of  reading  the  paper  I  had  not  seen  Heaviside's 
contributions  to  vector-analysis,  and  in  the  paper  itself  I 
maintain  that  vector-analysis  is  merely  complimentary  to 
the  versor  (or  quaternion)  analysis.  Is  it  scientific  to 
found  vector-analysis  on  a  rather  arbitrary  and  detached 
selection  of  so-called  "  definitions  "  as  is  done  by  the  mathe- 
maticians mentioned?  What  is  a  definition  but  the  state- 
ment of  the  meaning  of  a  term  or  symbol  ?    Besides  definitions, 
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axioms  or  fundamental  rules  are  required.     If  we  seek  the 
product  functions  of  vectors  according  to  the  rules 


i1  =  I           /-'  =  I           k*  =  I 

(i) 

ij  =  k        jk  =  i          ki  =  j 

(*) 

ji  —  _  k     kj  =  —  i     ik  -.  -  j 

(3) 

we  obtain  the  exact  functions  which  occur  so  frequently  in 
applied  mathematics ;  but  when  we  form  the  product  func- 
tions of  three  or  more  vectors,  we  obtain  results  which  are  dif- 
ferent according  to  the  manner  of  association  of  the  factors. 
To  make  the  results  associative  it  is  necessary  to  introduce  the 
V —  i  as  a  multiplier  on  the  right-hand  side  of  the  equations 
of  the  second  and  third  class.  It  seems  to  me  that  the  logical 
relation  of  a  strictly  vector-analysis  to  the  strictly  versor 
analysis  is  still  a  subject  for  further  investigation. 

In  the  paper  referred  to,  and  in  his  letters  to  Nature,  Dr. 
Knott  parades  the  old  fallacy  mentioned  above.  He  says  that 
in  vector-analysis  it  is  impossible  to  get  rid  of  the  versorial 
character  of  the  multiplier  vector  in  such  a  product  as  ij  =  k. 
Whether  that  be  true  or  not  it  is  certainly  impossible  in 
quaternion  algebra  to  get  rid  of  the  versorial  character  of  the 
multiplicand  in  the  same  expression.  Prof.  Knott  gets  rid 
of  it  in  ij  but  not  in  ii. 

The  main  contention  of  Cayley's  paper  is  that,  whereas  coor- 
dinates are  applicable  to  the  whole  science  of  geometry  and 
are  the  natural  and  appropriate  basis  and  method  in  the 
science,  Quaternions  is  a  particular  and  very  artificial  method 
for  treating  such  parts  of  the  science  of  three-dimensional 
geometry  as  are  most  naturally  discussed  by  means  of  the 
rectangular  coordinates  x,  y,  z.  To  this  Tait  replied  that  the 
Quaternion  invented  by  Hamilton  in  1843  and  the  Quaternion 
afterwards  discovered  by  Hamilton  were  very  different,  in  that 
the  former  was  based  on  a  system  of  imaginaries  i,  j,  k  defined 
by  the  equations  il  =  f  =  k1  =  ijk  =  —  1 ,  whereas  the  latter  is 
a  space  reality  altogether  independent  of  and  antecedent  to 
i,  j,  k  or  x,  y,  z.  The  process  of  development  was  from  the 
analytic  expression  to  the  synthetic  expression.  Q 
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It  may  be  remarked  that  the  exponential  function  furnishes 
the  most  natural  analytical  expression  for  a  quaternion,  and 
that  therefore  Cayley's  view  of  the  province  of  the  method  is 
altogether  too  limited.  But  the  transcendental  functions  of 
vectors  in  space  are  precisely  those  which  Hamilton  (see 
Elements,  Art.  333)  and  Tait  (see  preface  to  2d  edition  of 
Treatise)  left  undeveloped. 

Dr.  Peddie  has  recently  contributed  to  the  Proceedings  of 
the  Royal  Society  of  Edinburgh  a  paper  "  On  the  Use  of 
Quaternions  in  the  Theory  of  Screws.-' 

Turning  to  Dublin  we  remark  that  so  much  has  been  ac- 
complished there  within  recent  years  that  it  is  safe  to  say  that 
the  quaternionic  mantle  has  returned  to  Dublin,  and  is  now 
worn  by  the  occupant  of  Hamilton's  chair — Prof.  C.  J.  Joly. 
Dunsink  Observatory  is  not  only  the  scene  where  Sir  W.  R. 
Hamilton  developed  the  quaternion  method ;  it  is  likewise  the 
scene  where  Sir  Robert  Ball  investigated  the  Theory  of  Screws. 
What  other  spot  is  there  in  the  British  Isles  so  interesting  in 
the  history  of  modern  mathematics  ? 

Prof.  Joly  has  edited  for  the  Board  of  Trinity  College, 
Dublin,  a  new  edition  of  the  Principia  of  the  quaternion  anal- 
ysis— Hamilton's  Elements.  The  original  edition  had  the 
form  of  one  huge  octavo  volume  with  a  great  quantity  of 
small  print ;  the  new  edition  appears  in  two  handsome  quarto 
volumes  clothed  in  typography  which  leaves  nothing  to  be 
desired.  The  editor  has  preserved  faithfully  the  original  text, 
which  he  found  on  examination  to  be  remarkably  free  from 
errata ;  to  facilitate  the  work  of  the  student  he  has  added  notes, 
increased  the  cross  references,  added  an  index,  and  pointed 
out  more  minutely  the  order  of  reading  for  a  first  course.  The 
first  of  the  volumes  appeared  in  1899  and  the  second  in  1901. 
A  series  of  more  elaborate  notes,  printed  together  in  an  appen- 
dix, treat  of  "Quaternion  determinants,"  a  subject  first  in- 
vestigated by  Cayley;  "Miscellaneous  properties  of  two  linear 
vector  functions;"  "The  strain  function;"  "The  specification 
of  linear  vector  functions ; "  "  Invariants  of  linear  vector  func- 
tions;" "The system  of  linear  vector  functions  <p-\-t  ;"  "The 
general   linear   transformation    in    space;"    "The    theory    of 
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screws"  following  the  researches  of  Sir  R.  S.  Ball;  "Finite 
displacements;"  "The  kinematical  treatment  of  curves;" 
"The  kinematical  treatment  of  surfaces ;  "  " Systems  of  rays,  " 
and  "Hamilton's  operator  /-." 

While  engaged  on  this  editorial  work  he  contributed  to  the 
Royal  Irish  Academy  several  papers  which  have  been  printed 
in  the  Proceedings,  their  titles  being  "Vector  Expressions  for 
Curves;"  "The  Associative  Algebra  Applicable  to  Hyper-- 
space;"  "The  Homographic  Divisions  of  Planes,  Spheres,  and 
Space;"  "Astatics  and  Quaternion  Functions;"  "Some 
Applications  of  Hamilton's  Operator  p  in  the  Calculus  of 
Variations;"  and  "The  Place  of  the  Ausdehnungslekre  in  the 
General  Associative  Algebra  of  the  Quaternion  Type."  In 
1877  Grassmann  in  his  paper  "  Der  Ort  der  Hamilton 'schen 
Ouaternionen  in  der  Ausdehnungslehre "  (Mathematische 
Annalen  XII,  375-386),  aimed  at  showing  that  the  method  of 
Quaternions  was  contained  within  the  four  corners  of  the 
Ausdehnungslehre.  Prof.  Joly  attempts  to  establish  what 
may  be  called  the  converse  relation.  He  considers  an  algebra 
whose  fundamental  laws  are  i;  —  —  1  and  i,it  +  itis  =  o,  which 
is  quaternionic  on  account  of  the  first  law,  but  a  generalized 
quaternion  algebra  because  ij  =  k  no  longer  holds ;  and  he  con- 
cludes that  the  Ausdehnungslehre  as  adapted  to  a  space  of  n- 
dimensions  may  be  regarded  as  a  part  of  the  associative  algebra 
of  11  +  1  dimensions  limited  by  more  or  less  arbitrary  restric- 
tions. More  recently  he  has  published  in  the  Transactions 
of  the  same  academy  a  series  of  highly  original  memoirs,  which 
constitute  the  most  recent  development  of  the  quaternion 
analysis.  They  are  entitled  "Properties  of  the  General  Con- 
gruency  of  Curves,"  "The  Interpretation  of  a  Quaternion  as 
a  Point  Symbol,"  "Quaternion  Arrays."  In  the  last  two 
memoirs  a  quaternion  is  interpreted  as  a  point-symbol  by  taking 
the  scalar  component  to  denote  the  mass,  and  the  vector  com- 
ponent to  denote  the  mass-point;  the  addition  of  quaternions 
then  gives  the  sum  of  the  masses  and  the  geometrical  sum 
of  the  mass-points.  He  makes  use  of  the  following  notation, 
due  to  Hamilton* 

♦Elements,  Bk.  Ill,  Chap.  2.  Art.  365. 
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(ab)       bSa  —  aSb  [ab]        VVaVb 

abc)  ■.    Sa\_bc]      [abc\       (abc)  +  [eJ]  5a  _|_  [ac]  5?  +  [<5a]6c 

{abed)  =  Sa  [bed]  : 

and  the  following  relations,  also  due  to  Hamilton, 

a  (bede)  +  b  {cdea)       e(dcab)  +  d(cabc)  +  e(abcd)   -  o 
and 

c  (abed)    =  [bed]  Sae  —  \acd~\  Sbe  +  [abd]  Sec  -  \abc\  Sde. 

In  these  functions  the  symbols  a  b  c  d  e  may  be  transposed 
as  in  determinants,  provided  that,  as  in  determinants,  the 
sign  be  changed  at  each  step  in  the  transposition.  In  this 
way  Prof.  Joly  develops  the  quaternion  analysis  so  as  to  em- 
brace the  point-analysis  which  Prof.  Gibbs  indicated  as  pecu- 
liar to  the  Ausdehnungslehre.  In  space  analysis  there  is  room 
for  all  the  ideas  both  of  Hamilton  and  Grassmann,  and  the 
reduction  of  their  ideas  to  one  system  and  notation  is  greatly 
to  be  desired. 

The  contribution  of  Cambridge  to  the  quaternion  analysis 
within  the  period  considered  consists  principally  of  the  works 
of  Whitehead  and  McAulay.  In  his  investigation  of  the 
Theory  of  Screws,  Sir  Robert  Ball  found  the  analysis  of  Grass- 
mann more  directly  applicable.  In  1898  Mr.  Whitehead  began 
the  publication  of  "  A  Treatise  on  Universal  Algebra,"  the 
purpose  of  which  is  to  present  a  thorough  investigation  of  the 
various  systems  of  Symbolic  Reasoning  allied  to  ordinary 
algebra,  the  chief  examples  being  Hamilton's  Quaternions, 
Grassmann's  Calculus  of  Extension,  and  Boole's  Symbolic 
Logic.  The  idea  of  a  generalized  conception  of  space  is  made 
prominent  in  the  belief  that  the  properties  and  operations 
involved  in  it  can  be  made  to  form  a  uniform  method  of  inter- 
pretation of  the  various  algebras.  The  first  volume  takes  up 
Symbolic  Logic  and  the  Ausdehnungslehre,  and  the  second 
will  take  up  Quaternions  and  the  Theory  of  Matrices.  In  the 
preface  the  author  remarks :  "The  subject-matter  of  this  volume 
is  not  concerned  with  Quaternions;  accordingly  it  is  the  more 
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necessary  to  mention  in  this  preface  that  Hamilton  must  be 
regarded  as  a  founder  of  the  science  of  Universal  Algebra.  He 
and  Dc  Morgan  were  the  first  to  express  quite  clearly  the  gen- 
eral possibilities  of  algebraic  symbolism."  In  my  opinion 
had  Mr.  Whitehead  not  included  Symbolic  Logic  in  the  field 
considered,  he  would  be  dealing  with  a  much  more  homo- 
geneous subject.  The  search  after  general  laws  which  will 
apply  to  both  Symbolic  Logic  and  to  space-analysis  is  rather 
hopeless;  anyhow  space-analysis  is  a  wide  enough  subject  in 
itself.  Is  there  any  such  thing  as  Universal  Algebra?  Ac- 
cording to  Mr.  Whitehead  the  general  principles  of  universal 
algebra  are  as  follows :  Addition  follows  the  commutative  and 
associative  laws,  viz,  a-\-b  —  b  -faand  (a +  6)  -\-c  =  a-\-(b  +  c). 
Multiplication  follows  the  distributive  law,  viz,  a(c-\-d)  = 
ac  +  ad  and  (a  +  b)c  =  ac  +  bc;  but  it  does  not  necessarily  follow 
the  commutative  and  associative  laws;  that  is,  ab  =  ba  and 
{ab)c=-a(bc)  are  laws  of  special  branches  only.  Now  there  is 
a  logical  inconsistency  in  such  a  system  of  fundamental  laws; 
for  on  the  one  hand  the  principle  of  commutation  is  always 
applied  to  the  addition  of  indices,  but  on  the  other  hand  the 
addition  of  indices  cannot  be  commutative  when  the  factors 
of  which  they  are  the  indices  are  not  commutative. 

While  a  student  at  Cambridge  University,  Mr.  Alexander 
McAulay  prepared  (1887)  in  competition  for  the  Smith's 
Prizes,  an  essay[on  "  Quaternions  as  a  Practical  Instrument  of 
Physical  Research,"  which  was  published  in  1893  as  a  separate 
volume  under  the  title  "  Utility  of  Quaternions  in  Physics." 
After  graduation  he  received  an  appointment  in  Australia, 
where, in  1892,  he  read  before  the  Australasian  Association  for 
the  Advancement  of  Science  a  paper  having  the  former  title, 
which  was  published  in  the  Philosophical  Magazine  for  June, 
1892.  In  1890  he  contributed  to  the  Royal  Society  of  Edin- 
burgh a  paper  containing  the  more  original  part  of  his  essay 
under  the  title  of  "Proposed  Extension  of  the  Powers  of 
Quaternion  Differentiation . ' '  The  main  point  contended  for  is 
that  the  operator  p  and  its  operand  or  operands  may  have 
any  relative  positions  in  a  term  which  are  convenient,  the  con- 
nection between  them  being  indicated  in  the  usual  way  by 
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suffixes.  Professor  Tait  conceded  that  p  and  its  operand 
may  be  separated  by  other  symbols  provided  that  the  p  is  to 
the  left  of  the  operand.  Prof.  McAulay  holds  that  the  said 
proviso  is  an  unnecessary  and  inconvenient  restriction.  He 
also  introduced  several  auxiliary  symbols  applicable  to  quater- 
nion differentiation. 

The  main  thesis  of  the  essay  is  that  the  method  of  Quater- 
nions requires  a  slight  development  in  order  to  be  readily 
applicable  to  physical  questions,  and  that  the  necessary  de- 
velopment is  supplied  by  the  proposed  extension  of  the  powers 
of  quaternion  differentiation.  The  mode  of  proof  followed  is  to 
apply  the  more  developed  method  to  the  treatment  of  various 
physical  problems ;  and  he  subsequently  applied  it  in  a  memoir 
on  "The  Mathematical  Theory  of  Electromagnetism,"  pub- 
lished in  the  Philosophical  Transactions  for  1892. 

At  the  end  of  1895  Prof.  McAulay  communicated  to  the 
Royal  Society  of  London  an  elaborate  paper,  entitled,  "Octo- 
nions,  A  Development  of  Clifford's  Bi-quaternions."  It  was 
read  in  abstract  and,  on  account  of  its  being  more  a  treatise 
than  a  paper,  it  was  printed  (1898)  in  book  form  at  the  expense 
of  the  Royal  Society  and  the  Cambridge  Press  Syndicate.  The 
author  prefers  the  new  name  "Octonions"  in  preference  to 
"bi-quaternions,"  because  he  thinks  it  desirable  that  the 
latter  name  should  be  left  to  denote  that  to  which  Hamilton 
applied  it,  namely,  the  sum  of  two  quaternions  one  of  which 
is  affected  by  \/ —  1.  As  a  matter  of  fact  there  are  spherical 
quaternions  and  hyperbolic  quaternions,  and  the  sum  of  a 
spherical  and  a  hyperbolic  quaternion  is  a  complex  quaternion 
— the  bi-quaternion  of  Hamilton.  On  the  other  hand  the 
"Octonion"  is  defined  as  follows:  Let  q  and  r  denote  quater- 
nions whose  axes  pass  through  a  common  point  O,  and  let  « 
denote  an  ordinary  scalar  which  has  the  special  property 
that  to'1  =  o ;  then  the  octonion  Q  is  such  that 

Q  =  q  +  tor . 

This  work  of  Prof.  McAulay  is  the  result  of  the  study  of  Quater- 
nions combined  with  the  study  of  Ball's  Theory  of  Screws  and 
Grassmann's  Ausdehnungslchrc. 
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In  1889  Rev.  M.  M.  U.  Wilkinson,  contributed  to  the  Royal 
Society  of  Edinburgh  a  paper  "On  the  Scalar  Relations 
Connecting  Six  Vectors."  He  gives  the  general  theory  of  the 
relations  connecting  vectors,  and  discusses  minutely  the  case 
of  six  vectors. 

In  France,  M.  Gaston  Combebiac,  capitaine  du  genie,  has 
recently  produced  a  number  of  valuable  investigations  based 
on  the  quaternion  analysis.  He  first  took  up  the  subject  of 
bi-quaternions,  and  communicated  a  paper  to  the  Mathematical 
Society  of  France  "Sur  l'application  du  calcul  des  biquater- 
nions  a  la  geometrie  plane"  (Bulletin,  tome  XXVI).  From 
that  he  passed  to  a  new  development  of  the  quaternion  anal- 
ysis-which  he  calls  "Triquaternions,"  and  which  he  has  made 
•  the  subject  of  his  doctor's  thesis,  presented  to  the  Faculty  of 
Science  of  the  University  of  Paris.  The  object  of  the  investi- 
gation is  to  establish  a  geometrical  analysis  independent  of 
every  system  of  reference.  The  methods  of  the  Ausdchmuigs- 
lehre  do  not,  the  writer  says,  satisfy  the  idea,  because  they 
are  not  subject  to  an  absolute  system  of  rules;  the  quaternion 
method,  on  the  other  hand,  constitutes  a  true  geometrical  anal- 
ysis, being  subject  to  uniform  rules.  But  the  quaternion 
analysis,  although  dispensing  with  axes,  retains  the  idea  of  an 
origin,  which  allows  some  elements  foreign  to  the  question 
to  remain  in  the  formulas.  While  the  biquaternion  is  a  com- 
plex quaternion  of  the  kind  considered  by  Clifford  and  Mc- 
Aulay,  namely,  q  +  o>q,  where  to  is  a  scalar  but  such  that  ur  -  o, 
the  triquaternion  is  a  complex  quaternion   of  the   form 

q  +  <»(jx  +  y-q-1 

in  which  p,  is  another  scalar, but  subject  to  theconditions  <>:  1 
pat  —w;i=  w,  and  in  which  q,  qv  and  q.,  denote  quaternions. 
While  the  quaternion  applies  to  rotations  round  a  fixed  point, 
and  the  biquaternion  to  displacements  without  deformation, 
the  triquaternion  applies  to  point  transformations  of  space  by 
similitude. 

In  recent  years  the  quaternion  analysis  has  engaged  the 
attention  of  a  number  of  mathematicians  in  Holland.  Dr. 
P..  Molenbroek  has  published  an  excellent  treatise  in  the  Ger- 
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man  language,  consisting  of  two  parts,  "Theorieder  Quater- 
nionen  "  (1891)  and  "Anwendung  der  Quaternionen  auf  die 
Geometrie "  (1893).  In  the  few  places  where  he  enters  on 
original  development  of  the  analysis  he  is  not  particularly 
fortunate;  for  instance  in  his  theory  of  j  — 1.  Let  a  denote 
a  vector,  then  in  the  expression  \  —\a  he  considers  ]/ — 1  as 
denoting  a  quadrantal  version  round  any  axis  perpendicular 
to  a.  In  this  way  he  gives  to  1  — 1  a  meaning  dependent  upon 
the  particular  vector  to  which  it  is  attached,  whereas  its  mean- 
ing is  independent  of  such  symbol.  The  correct  view  is  that 
just  as  when  x  denotes  a  number  1  — ix  denotes  an  imaginary 
number;  so  when  «  denotes  a  vector,  1  — i«  denotes  an  imag- 
inary vector;  from  which  it  follows  that  1  — 1  never  indicates 
direction  in  space,  but  is  entirely  scalar  in  character.  This 
coincides  with  the  view  finally  held  by  Hamilton;  but  many 
writers,  including  Dr.  Molenbroek,  have  not  reached  this  stage 
in  the  development  of  their  ideas. 

In  i89o-'9i,  Dr.  Th.  B.  van  Wettum  published  a  series  of 
papers  in  Nieuw  Archief  voor  Wiskunde,  which  he  afterwards 
published  as  a  pamphlet  in  the  English  language  underthe  name 
of  "Researches  on  Matrices  and  Quaternions."  The  author 
aims  at  giving  a  definite  algebraic  form  to  the  quaternion  as  a 
' '  real  in  geometry,"  by  means  of  the  matrix ;  and  at  showing  how 
the  subject  of  Hamilton's  calculus  may  be  treated  without  any 
imaginaries  merely  with  the  help  of  the  matrical  symbol.  He 
criticises  the  identification  of  a  quaternion  with  a  dual  matrix 
of  the  second  order  previously  made  by  Cayley  and  others,  be- 
cause it  involves  the  algebraic  imaginary.  As  regards  differ- 
entiation he  says:  "We  purposely  do  not  enter  upon  differen- 
tials as  it  is  a  very  difficult  question  whether  the  differential 
calculus  of  more  dimensional  quantities  or  symbols  has  a 
meaning  at  all."  He  objects  to  imaginaries  and  to  spaces  of 
more  than  three  dimensions  as  tending  to  undermine  the 
throne  properly  occupied  by  the  "matrix  scientiarum." 

The  researches  of  Dr.  van  Wettum  were  reviewed  by  Dr. 
L.  van  Elfrinkhof  in  several  papers  printed  in  the  same  journal. 
In    1892   appeared   "  Opmerkingen  naar  aanleiding  der  ver- 
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handeligen  over  quaternionen  matrices  van  den  Herr  Th.  B. 
van  Wettum;"  and  in  1894  "  Draaiings-matrices  en  quater- 
nions." He  points  out  that  the  operator  expressing  a  conical 
rotation  through  an  angle  Q  which  is  twice  the  angle  of  the 
quaternion  qX  is  expressed  by  q%  (  )  q~ % ;  and  not  by  q( ) ,  unless 
in  the  special  case  of  the  operand  being  perpendicular  to  the 
axis.  The  former  operator,  q^  (  )  q~ %,  can  be  expressed  by 
means  of  a  matrix;  whereas  the  latter  operator  q(  )  cannot  in 
general,  and  therefore  the  quaternion  must  be  a  more  general 
symbol  than  the  matrix  of  van  Wettum.  ] 

Dr.  van  Elfrinkhof  has  also  contributed  to  the  same  journal 
papers  entitled  "  Der  verge lij king  Vptpp  =  o;"  "  De  oplossing 
van  lineaire  vector-vergelijkingen  in  bijzondere  gevallen;"  and 
"  Eene  eigenschap  van  de  orthojonale  substitutie  van  de 
vierde  orde." 

In  1898  Mr.  W.  A.  Wythoff  prepared  as  a  thesis  for  doctor 
of  science  at  the  University  of  Amsterdam  "De  biquaternion 
als  Bewerking  in  de  Ruimte  van  vier  Afmetingen."  He  had 
read  the  previous  researches  of  Clifford  and  McAulay. 

In  Germany  most  of  the  contributions  to  space-analysis 
have  been  based  on  Grassmann's  methods.  Dr.  Paul  Glan, 
the  translator  of  Hamilton's  Elements,  contributed  to  the 
A  nnalen  der  Physik  und  Chemie  for  the  years  i895~'6  a  series  of 
six  papers  entitled  "  Theoretische  Untersuchungen  iiber  elas- 
tische  Korper,"  in  which  he  applies  the  methods  of  the  quater- 
nion calculus. 

Prof.  Heinrich  Burkhardt  contributed  to  the  Mathematische 
Annalen  for  1893  a  paper  "Ueber  Functionen  von  Vector- 
grossen,  welche  selbst  wieder  Vectorgrossen  sind,"  in  which 
he  treats  of  the  rational  integral  vector  functions  of  vectors  as 
given  by  the  quaternion  calculus  as  well  as  those  given  by  Grass- 
mann's method.  To  the  Deutsche  MathematikerVereinigunghe 
contributed  in  1896  (vol.  V  of  Yahresbericht)  a  paper  entitled 
"  Ueber  Vector-analysis."  He  cites  as  the  fundamental  princi- 
ple of  vector-analysis  that  reckoning  is  to  be  made  not  by 
means  of  coordinates  but  by  means  of  the  quantities  them- 
selves. He  observes  that  in  the  algebra  of  the  plane  this 
condition  is  satisfied  by  the  addition  of  the  coplanar  vectors, 
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but  not  by  their  multiplication,  for  the  reason,  I  suppose,  that 
in  their  multiplication  the  concept  of  an  initial  line  is  required. 
The  reply  to  this  objection  is  that  the  algebra  of  the  plane  is 
not  an  algebra  of  coplanar  vectors,  but  of  coaxial  quaternions 
in  the  multiplication  of  which  the  idea  of  an  initial  line  is  not 
required.  Prof.  Burkhardt  remarks  that  a  problem  which 
involves  transcendental  functions  can  never  be  made  algebraic 
by  any  species  of  analysis;  that,  indeed,  new  results  might  be 
hoped  for  from  a  systematic  theory  of  the  transcendental 
functions  of  vectors,  but  that  scarce  a  beginning  has  been 
made  in  that  direction.  That  is  only  too  true.  It  has  long 
seemed  to  me  that  one  of  the  weak  points  in  Hamilton's  Ele- 
ments is  his  treatment  in  Chapter  I,  Book  III,  of  the  tran- 
scendental functions  of  quaternions;  in  fact,  he  restricts  the 
investigation  to  coaxial  quaternions,  commonly  called  co- 
planar  vectors.  In  Tait's  Treatise  likewise  there  is  no  treat- 
ment of  quaternion  exponentials  and  logarithms,  and  the 
related  sines  and  cosines. 

In  the  same  paper  Prof.  Burkhardt  falls  into  the  fallacy 
of  confounding  the  quaternion  with  an  operation  which  com- 
bines a  rotation  with  a  uniform  expansion ;  and  as  a  conse- 
quence he  concludes  that  the  quaternion  analysis  is  a  very 
special  method,  very  far  from  satisfying  the  conditions  of  a 
general  method  such  as  it  has  been  proclaimed  to  be  by  Hamil- 
ton and  his  followers.  The  conclusion  is  no  doubt  true  of  the 
rotation  quaternion  to  which  he  reduces  the  Hamiltonian,  but 
it  is  not  true  of  the  true  Hamiltonian  quaternion.  Consider  for 
a  moment  that,  corresponding  to  plane  trigonometry  we  have 
an  analytical  plane  trigonometry  which  is  indeed  the  algebra 
of  the  plane — a  general  method  according  to  Prof.  Burkhardt 
himself.  We  have  likewisespherical  trigonometry ;  correspond- 
ing to  it  there  ought  to  be  an  analytical  spherical  trigonometrv 
involving  algebraic  and  transcendental  functions  of  angles  in 
space.  If  such  exists,  is  it  not  a  general  method!"  It  must 
be  so,  for  it  includes  analytical  plane  trigonometry  as  a  par- 
ticular case.  The  elements  of  such  method  are  contained  in 
Hamilton's  quaternions,  and  we  have  shown  that  Grassmar.n 
was  alive  to  its  importance. 
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The  same  restricted  view  of  a  quaternion  is  made  the 
basis  of  a  digression  on  quaternions  by  Prof.  Klein  and  Dr. 
Sommerfeld  in  Heft  I  of  their  treatise  "  Ueber  die  Theorie  des 
Kreisels."  According  to  these  mathematicians  the  quater- 
nion is  simply  a  "  Drehstreckung;"  and  they  deduce  that  the 
quaternion  method  will  be  in  place,  when  it  is  desired  to  have 
a  convenient  algorithm  for  the  combination  of  rotations  and 
dilatations.  Upon  this  theory  of  quaternions  they  make  a 
claim  in  behalf  of  Gauss  to  at  least  a  share  in  their  invention. 
One  of  the  last  of  Prof.  Tait's  papers  was  on  the  subject  of  this 
claim,  and  his  conclusion  is  as  follows:  "Unfortunately  for 
such  a  conclusion  a  Drehstreckung  is  not  a  Hamiltonian 
quaternion  at  all,  but  a  totally  different  kind  of  concept.  It 
is  obviously  only  a  very  limited  form  of  linear  and  vector  ope- 
rator (kinematically  a  strain)  depending  upon  four  constants 
instead  of  the  usual  nine;  and  might,  perhaps,  but  on  that 
account  solely,  have  been  designated  by  the  name  quaternion 
had  the  name  not  been  already  worthily  bestowed." 

What  then  is  a  quaternion  according  to  Professor  Tait  ?  In 
the  paper  quoted  he  says  that  a  quaternion  expresses  the 
relation  of  one  vector  to  another  or  supplies  the  factor  re- 
quired to  convert  one  into  the  other;  when  applied  to  any 
vector  in  or  parallel  to  its  plane,  it  turns  the  vector  through  a 
given  angle  in  or  parallel  to  that  plane,  and  alters  its  length  in 
a  given  ratio.  He  adds,  "Obviously,  when  the  quaternion  is 
applied  to  a  vector  which  is  not  perpendicular  to  its  plane,  the 
result  is  a  new  quaternion  not  a  vector."  This  "obviously" 
is  anything  but  obvious.  Clifford  held  that  a  quaternion 
applied  to  a  vector  not  in  its  plane  (Collected  Papers,  p.  388) 
gave  an  entirely  imaginary  or  uninterpretable  result.  The 
true  answer  is  that  in  quaternion  multiplication  we  always 
have  the  composition  of  angles;  that  the  supposed  vector  is 
a  quadrantal  angle  with,  in  general,  a  multiplier;  if  the  axis 
of  the  quadrantal  quaternion  is  perpendicular  to  the  axis  of 
the  other,  the  result  of  the  composition  is  a  quadrantal  quater- 
nion ;  for  if  the  second  side  of  the  spherical  triangle  is  a  quad- 
rant and  at  right  angles  to  the  first  side,  then  the  third  side  is 
also  a  quadrant;  but  if  the  quadrantal  quaternion  is  not  at 
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right  angles  to  the  first,  the  result  of  the  composition  is  not 
in  general  a  quadrantal  quaternion;  for  under  the  circum- 
. stances  the  third  side  of  the  spherical  triangle  will  not  be  a 
quadrant.  Hence  quaternion  multiplication  is  always  the 
composition  of  spherical  angles. 

In  Austria  the  quaternion  analysis  has  been  cultivated  by 
Professors  Merten  and  Studnicka.  The  former  mathematician 
published  in  1888  "Anwendung  der  Hamilton'schen  Quater- 
nionen  auf  die  Statik"  as  a  program  of  the  State  gymnasium 
at  Saaz.  The  latter  mathematician  has  published  numerous 
papers  in  the  Prag  Berichte  and  in  the  mathematical  journal 
Casopis  which  is  printed  in  the  Bohemian  language. 

As  regards  the  progress  of  the  quaternion  analysis  in  Japan, 
it  may  be  said,  borrowing  the  language  of  CI  rk  Maxwell 
with  reference  to  physical  research  in  that  country,  that  by 
the  activity  of  the  Japanese  quaternionists — Kimura,  Hakii, 
Kumamoto — the  center  of  quaternion  progress  has  been  re- 
moved several  degrees  eastward.  The  prime  founder  of  the 
international  association  for  the  promotion  of  quaternion  and 
allied  analysis  was  Prof.  Kimura;  and  in  no  country  has  the 
association  received  more  active  support  than  in  Japan.  The 
Japanese  are  not  likely  to  import  "a  high-sounding  phrase 
destitute  of  meaning,"  or  "an  aberration  of  the  human  in- 
tellect;" hence  their  activity  in  quaternion  research  is  a  ster- 
ling tribute  to  the  value  of  Hamilton's  invention. 

Prof.  Kimura  published  in  the  Annals  of  Mathematics  for 
1895  a  memoir  "On  the  Nabla  of  Quaternions,"  in  which  he 
treats  not  merely  of  the  Hamiltonian  nabla 

but  of  a  generalized  form,  namely,  the  quaternion  nabla 
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which  was  suggested  to  him  by  the  study  of  McAulay's  ex- 
tension of  the  powers  of  quaternion  differentiation. 
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Profs.  Kimura  and  Hakii  have  published  in  the  Japanese 
language  the  first  part  of  "Lecturer  on  Quaternions,"  which, 
so  far  as  I  can  make  out  from  the  figures  and  mathematical 
notation,  gives  evidence  of  thorough  and  lucid  treatment. 

Within  the  period  of  our  review  there  has  been  considerable 
activity  in  America.  In  1898  Prof.  G.  A.  Miller  contributed 
a  paper  "On  the  Quaternion  Group"  to  the  American  Philo- 
sophical Society,  and  in  1899  Prof.  J.  M.  Pierce  contributed 
a  paper  on  "Quaternion  Determinants"  to  the  American 
Mathematical  Society.  Prof.  C.  W.  Comstock  took  for  the 
subject  of  his  doctor's  thesis  at  Cornell  University  "The  Appli- 
cation of  Quaternions  to  the  Analysis  of  Internal  Stress," 
which  has  since  been  published  as  a  pamphlet.  At  the  Spring- 
field meeting  of  this  Association  Prof.  J.  B.  Shaw  read  a  paper 
entitled  "Development  of  Some  Useful  Quaternion  Expres- 
sions with  Application  to  Geometry  of  Three  and  Four  Dimen- 
sions." I  have  seen  only  the  abstract  of  the  paper  printed  in 
the  Proceedings  of  the  Association ;  but  from  it  I  gather  that 
the  paper  had  a  similar  scope  to  Prof.  Joly's  paper  on  the 
interpretation  of  the  quaternion  as  a  point-symbol;  for  both 
start  out  from  the  same  formulae  in  Hamilton's  Elements.  At 
the  Buffalo  meeting  Prof  Shaw  read  a  paper  on  "Sedenions," 
by  which  term  he  means  the  most  general  linear  quaternion 
function  of  a  quaternion ;  and  he  so  names  it,  because  it  involves 
in  general  sixteen  constants,  whereas  the  nonion  or  general 
linear  and  vector  function  of  a  vector  involves  nine. 

Prof.  Hathaway  in  1896  accomplished  the  task  of  reducing 
the  exposition  of  the  elements  of  quaternions  to  the  form  and 
dimensions  of  a  "Primer" —  a  task  which  the  inventor  could 
never  have  accomplished.  The  book  is  logically  written,  and 
the  method  is  placed  on  such  a  basis  that  students  can  readily 
grasp  its  essential  features.  Prof.  Hathaway  makes  promi- 
nent the  distinction  between  the  simple  vector  and  Hamilton's 
quadrantal  versor.  calling  the  former  after  Clifford  a  "step," 
and  the  latter  a  "vector."  The  choice  of  terms  to  mark  the 
distinction  is  not  very  happy,  for  usage  has  now  applied 
"vector"  to  the  former  of  the  two  ideas.  If  the  quadrantal 
versor  is  a  vector  at  all,  it  is  an  imaginary  vector.     To  empha- 
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size  the  fact  that  the  quaternion  is  a  natural  extension  of  the 
idea  of  number  and  subject  to  ordinary  principles  of  geomet- 
rical representation,  Prof.  Hathaway  frequently  speaks  of  a 
quaternion  as  a  number;  for  instance,  he  says,  "The  number  r 
rotated  through  2  arc  q  is  the  number  qrq~l."  A  quaternion 
is  no  doubt  a  complex  number ;  but  it  is  a  geometrical  complex 
number — one  which  has  an  axis  in  space;  consequently,  it 
seems  to  me  to  be  inappropriate  to  speak  of  it  under  the  term 
number  without  qualification.  To  rotate  a  number  or  even  a 
complex  number  has  no  meaning,  unless  the  said  complex 
number  has  an  axis  in  space. 

Prof.  Hathaway  has  also  written  a  series  of  quaternionic 
papers.  Some  of  these  are  printed  in  the  Proceedings  of  the 
Indiana  Academy  of  Science,  the  most  important  one  being 
on  "Alternate  Processes."  Others  were  contributed  to  the 
American  Mathematical  Society;  and  in  their  Transactions  for 
1902  there  is  a  very  original  memoir  on  "Quaternion  Space," 
by  which  is  meant  space  of  four  dimensions,  and  the  object  of 
the  paper  is  to  investigate  the  properties  of  this  space  by  the 
aid  of  the  quaternion  analysis. 

In  the  second  volume  of  his  Synopsis  der  hoeheren  Mathe- 
matik,  published  in  1894,  Prof.  Hagen,  of  Washington,  devotes 
a  chapter  to  "Die  Ausdehnungslehre,"  by  which  term  he 
means  not  Grassmann's  analysis  only  but  what  is  commonly 
expressed  in  English  by  ' '  space-analysis. ' '  He  takes  the  works 
of  Argand,  AIoebius:  Hamilton  and  Grassmann  as  the  founda- 
tions of  the  subject;  discusses  the  researches  of  later  writers; 
and  gives  a  clear,  logical  and  unifying  synopsis  of  what  had 
been  established  at  the  time  of  writing.  The  chapter  in  ques- 
tion contains  much  historical  information,  and  is  speciallv 
valuable  as  the  result  of  impartial  study  of  rival  systems  In- 
one  eminently  fitted  for  the  task  of  logical  unification. 

At  the  Washington  meeting  of  this  Association  I  read  a 
lengthy  paper  on  "The  Principles  of  the  Algebra  of  Phvsics." 
which  was  printed  in  full  in  the  Proceedings.  I  viewed  the 
algebra  of  space  (more  generally  the  algebra  of  physics)  as 
consisting  of  two  complimentary  parts — the  algebra  of  vectors 
and  the  algebra  of  versors  or,  more  generally,  quaternions. 
The  fundamental  rules  for  the  former  were  taken  to  be 
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r  -  i  /-'  =  i  k*  =  i  ( i ) 

ij  =  k  jk  =  i         ki  =  j  (2) 

//  =■  —  k        kj  =  —  i     ik  =—j.  (3> 

The  fundamental  rules  for  the  latter  are  the  same  as  the  above 
with  the  introduction  of  a  minus  sign  in  every  case;  not  only 
in  the  square  set,  No.  i,  but  in  the  two  product  sets  Nos.  2  and 
3.  It  is  commonly  supposed  that  the  difference  is  only  in  the 
square  rules,  for  example  i2  —  —  1  instead  of  i1  —  1 ;  the  differ- 
ence in  the  case  of  the  product  rules  is  masked  by  the  fact  that 
Hamilton  takes  the  order  from  right  to  left  instead  of  the 
order  of  writing.  I  showed  that  the  products  of  the  vector 
multiplication  do  not  satisfy  the  associative  law;  and  in  a  sub- 
sequent paper  I  showed  that  they  can  be  modified  so  as  to  do  so 
by  introducing  j/ —  1  on  the  right  side  of  each  of  the  product 
rules;  for  example,  ij=~\/ — ik  instead  of  ij  =  k.  With  this 
modification,  the  difference  is  reduced  to  that  between  real 
and  imaginary  vectors. 

Looking  at  the  importance  of  the  exponential  function  in 
analytical  plane  trigonometry,  I  was  led  to  consider  that  a 
generalized  form  of  the  exponential  function  is  the  best  anal- 
ytical expression  for  a  quaternion;  that  is  rc^v^io  where  r  de- 
notes the  tensor,  t)  the  angle,  and  a  the  axis  of  the  quaternion 
is  a  more  direct  expression  than  w  +  ix-\-jy+  kz ;  for  the  latter  is 
only  a  kind  of  reduced  expression  for  the  quaternion ;  just  as 
cos  6  +  ]/ —  1  sin  6  is  a  kind  of  reduced  expression  for  e**f—i. 
In  this  way  I  was  led  to  consider  whether  the  exponential  law 
is  true  of  these  generalized  exponentials,  or  is  not  true  as 
Hamilton  believed;  that  is,  whether  efe"  —  cp+c  where  p  and  <t 
denote  Hamiltonian  or  imaginary  vectors.  As  the  factors  ef 
and  ea  in  ere*  are  not  commutative,  the  sum  />  +  a  in  the  sup- 
posed equivalent  expression  fp+<r  cannot  be  commutative; 
hence  the  square  (/>  +  "■)'"'  must  be  formed  preserving  the  order 
of  p  prior  to  a;  this  gives  p*  +  2 pa  +  a1  for  the  square.  Hamil- 
ton, by  treating  p  +  a  as  the  sum  of  ordinary  commutative 
vectors,  got  (j>  +  t)2  =  p'2~h  pa  +  «tp  -\-  a1 ;  and  consequently  found 

etc*  not  =  eP+a . 
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But  if  the  powers  of  />-\-<r  are  formed  preserving  the  order 
of  p  prior  to  n,  we  get 

From  this  as  a  starting  point  the  Binomial  Theorem  and 
the  Multimonial  Theorem  for  sums  of  vector  logarithms  are 
developed;  and  the  development  of  the  transcendental  func- 
tions of  vectors  becomes  plain  and  straightforward.  The  ex- 
ponential theorem  which  I  established  in  my  paper  on  "The 
Fundamental  Theorems  of  Analysis  Generalized  for  Space" 
has  not  been  disproved,  but  it  has  been  styled  "quasi-expo- 
nential." There  is  however  no  "  quasi "  about  it ;  for  e"efe— " 
when  developed  into  powers  of  tr-\rp  —  <s  according  to  it  gives 
eP  turned  round  the  axis  of  ea  by  twice  the  angle  of  ea.  But  if 
<r-\- 1>  —  n  is  treated,  after  Hamilton's  fashion,  as  merely  a  sum 
of  vectors,  it  manifestly  reduces  to  p\  from  which  it  would 
follow  that  c^efe— <*  =  e?.  Hence  Hamilton's  exponential 
theorem  is  not  even  "quasi,  "  it  is  erroneous.  The  exponential 
theorem  gives  the  true  expression  for  the  cosine  and  sine  of  the 
diplanar  quaternions. 

In  several  subsequent  papers  I  have  treated  of  the  hyper- 
bolic complex  quantity  in  the  plane.  Corresponding  to  the 
analysis  for  coaxial  spherical  quaternions  there  is  an  analysis 
for  coaxial  hyperbolic  quaternions.  The  exponential  expres- 
sion for  a  quaternion  shows  at  once  that  the  Hamiltonian 
quaternion  is  spherical  in  its  nature,  and  therefore  there  must 
be  a  corresponding  hyperbolic  quaternion.  In  a  paper  on 
elliptic  and  hyperbolic  analysis  I  take  up  these  more  general 
quaternions. 

The  development  of  the  transcendental  functions  has  an 
important  bearing  on  the  subject  of  differentiation,  which  I 
have  considered  in  a  paper  on  "Vector  Differentiation,  "  con- 
tributed to  the  Philosophical  Society  of  Washington,  and  in  a 
paper  on  "  Differentiation  in  the  Quaternion  Analysis,  "printed 
in  the  Proceedings  of  the  Royal  Irish  Academy.  I  there  con- 
sider the  problem  of  finding  the  nabla  for  functions  expressed 
in  terms  of  the  spherical  coordinates  r,  6,  <f,  and  the  deduction 
from  it  by  direct  processes  of  the  expression    for   p'.      The 
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problem  is  still  further  considered  in  a  paper  on  "Curvilinear 
Coordinates,"  read  before  the  Paris  Congress  of  Mathe- 
maticians. 

In  1 901  Prof.  Baker  read  a  paper  before  the  Royal  Society 
of  Canada  on  "The  Principles  at  the  Base  of  the  Quaternion 
Analysis."  For  a  subject  which  is  so  intensely  geometrical 
the  writer  makes  too  much  use  of  definition  and  convention. 
In  ki  =  j  he  regards  k as  an  operator  and  i  and  j  as  vectors;  to 
get  over  the  difficulty  about  ii  he  brings  in  a  new  definition  or 
convention  that  it  shall  be  —  1,  regardless  of  the  fact  that 
according  to  the  first  definition  or  convention  it  is  •/.  If  the 
analysis  is  to  be  based  upon  conventions,  these  conventions 
must  not  be  contradictory  of  one  another.  The  truth  is  the 
theory  that  in  aj3  the  first  factor  «  is  a  quadrantal  versor  and 
the  second  ,?  a  vector  is  at  the  bottom  of  all  the  obscurities 
which  have  beset  the  quaternion  analysis ;  in  afty  we  are  asked 
to  believe  that  /5  may  be  a  quadrantal  versor  or  a  vector  ac- 
cording to  the  mode  of  association.  The  theory  also  led  to 
the  change  of  order  from  that  of  writing;  and  how  deep  the 
fallacy  is  may  be  seen  from  the  opposition  which  Prof.  Tait 
made  to  the  development  proposed  by  Mr.  McAulav. 
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K-  ADDRESS 

BY 

D.  B.  BRACE, 

VICE-PRESIDENT    AND    CHAIRMAN    OF    SECTION    B  FOR  I9OK 

THE  GROUP-VELOCITY  AND  THE  WAVE-VELOCITY 

ia 

OF  LIGHT. 


Although  the  determination  of  the  important  constant  of 
nature — the  velocity  of  light — has  occupied  the  attention  of 
scientists  from  the  time  of  Galileo,  and  while  astronomical 
and  terrestrial  methods  have  been  so  carefully  refined  that 
individual  observers  have  obtained  values  differing  by  less 
than  one  part  in  3,000,  it  is  a  significant  fact  that  no  terrestrial 
method  thus  far  used  gives  the  absolute  velocity  of  light  under 
all  conditions.  If  a  group  of  periodic  disturbances  is  radiated 
out  into  any  medium  the  velocity  of  the  individual  elements 
will  in  general  be  different  from  that  of  the  mean  of  the  group. 
Only  in  the  one  instance,  the  propagation  in  vacuo,  is  it  likely 
that  these  two  velocities  are  the  same;  and  here  physical 
methods  thus  far  have  not  put  the  question  to  a  test.  In  the 
case  of  ponderable  media  important  data  are  to  be  expected. 
The  astronomical  method  used  by  Romer  in  1675  and  founded 
on  the  observation  of  the  eclipse  of  Jupiter's  satellites  gives  the 
so-called  group-velocity  of  light  in  vacuo.  The  observation 
of  the  fixed  stars  discovered  by  Bradley  in  1727  gives  the 
wave-velocity  in  the  medium  within  the  observing  telescope. 
This  is  the  only  method  thus  far  used  which  gives  the  absolute 
velocity  of  light. 

The  uncertainty  in  the  constant  of  aberration  and  the  errors 
in  the  observations  of  Jupiter's  satellites  render  these  methods 
unsuited  for  the  comparison  of  the  two  velocities.    We  owe  per- 
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haps  to  Arago  more  than  to  any  other  person  a  solution  of  this 
problem  of  the  velocity  of  light.  In  1838  he  submitted  to  the 
French  Academy  the  plan  of  an  experiment  for  solving  directly 
and  definitely  the  question — which  was  being  much  debated — 
whether  light  was  a  corpuscular  emission  from  radiant  bodies 
or  simply  the  result  of  the  vibrations  of  a  very  rare  medium. 
The  method  was  simply  an  adaptation  of  the  rotating  mirror 
ingeniously  devised  by  Wheatstone  for  determining  the  velocity 
of  propagation  of  electricity  in  a  wire.  It  was  not  till  1850, 
however,  that  this  method,  in  the  hands  of  Foucault,  was  ac- 
tually put  to  the  test  of  determining  this  constant.  In  the  pre- 
ceding year,  however,  Fizeau  had  published  the  results  of  his 
experiments  by  means  of  a  toothed  wheel.  These  were 
the  first  observations  made  on  the  velocity  of  light  at 
the  earth's  surface.  The  first  idea  of  this  method  seems 
to  have  originated  with  the  Abbe  Laborde  who  communicated 
it  to  Arago  some  years  before.  Upon  these  two  principles 
is  based  our  entire  knowledge  by  terrestrial  methods  of  this 
constant.  On  the  one  side  we  have  the  refinement  and 
modifications  of  the  toothed  wheel  as  used  by  Cornu  in  France 
and  Young  and  Forbes  in  England  and  on  the  other  the  very 
accurate  results  of  Michelson  in  his  classic  experiments 
and  those  of  Newcomb  with  his  highly  refined  pototachom- 
eter  in  this  country.  It  may  well  be  questioned  whether  much 
greater  certainty  in  data  is  attainable  than  those  which  the  late 
lamented  French  savant  and  illustrious  physicist  Cornu  has 
left  as  one  of  his  most  brilliant  legacies  to  science.  Nor  can 
we  hope  for  any  considerable  refinement  in  the  determinations 
by  the  other  method  as  used  in  this  country,  and  which  have 
already  given  the  most  surprising  agreement  and  warrants  us 
in  taking  the  value  obtained  as  the  most  accurate  of  all.  Not- 
withstanding the  elaborate  execution  of  these  experiments 
serious  discrepancies  exist  between  the  results  of  the  two 
methods.  The  latest  discussion  by  Cornu  of  his  own  results 
gives  as  the  most  probable  value  of  this  constant  300,130 
meters,  while  the  values  of  Michelson  and  of  Newcomb  are 
299,853  and  299,810,  respectively.  This  makes'the  error  of 
the  results  by  the  two  methods  ten  times  the  error  between 
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those  of  the  same  method.  This  difference  lias  given  rise  to 
the  impression  that  in  the  one  or  the  other  or  in  both  methods 
a  systematic  error  exists  and  the  discussions  and  corrections 
made  by  different  critics  have  left  the  problem  in  a  somewhat 
uncertain  state.  The  relation  of  these  det  rminations  to  the 
absolute  velocity  in  air  at  the  earth,  and  to  the  absolute 
terrestrial  velocity  in  vacuo  and  the  possible  difference  from 
the  velocity  in  space,  renders  the  problem  of  great  interest  and 
importance  in  this  aspect  alone.  The  famous  theory  of  Weber 
of  moving  charges  to  explain  the  action  of  electric  currents, 
while  incompatible  with  the  principle  of  the  conservation  of 
energy,  has  done  much  to  enlarge  our  views  of  the  origin  of 
electrodynamic  phenomena  and  to  establish  a  comprehensive 
theory  of  present  phenomena.  The  brilliant  experiment  of 
Rowland  as  a  natural  sequence  of  Weber's  theory  demon- 
strated the  electromagnetic  reaction  of  a  moving  charge  and 
showed  further  that  if  the  velocity  were  that  of  light  the 
mechanical  reaction  would  be  approximately  that  calculated 
from  theory  by  using  the  value  of  the  light  constant  as  the 
ratio  of  the  two  units. 

The  prediction  by  Maxwell  that  light  was  an  electromagnetic 
disturbance  in  the  medium  surrounding  an  oscillating  charge 
and  the  consequent  identity  of  the  velocity  of  light  in  the  ether 
alone  with  the  ratio  of  the  electrical  units  in  the  two  systems 
of  measurements  used  when  a  charge  is  respectively  in  motion 
or  at  rest  and  the  further  relation  of  the  light  constant  to  the 
dielectric  constant  for  ponderable  media,  have  been  since  fully 
confirmed  by  exhaustive  experiments.  His  interpretation  of 
the  physical  significance  of  the  ratio  of  the  electromagnetic- 
unit  to  the  electrostatic  unit  as  a  velocity  of  the  same  magnitude 
as  that  for  light  received  remarkable  confirmation  in  the  inde- 
pendently conceived  experiment  of  Rowland  alread}r  referred 
to. 

The  celebrated  experiments  of  Hertz  on  electric  oscillations 
and  the  identification  of  the  velocity  of  their  propagation  in  the 
ether  with  that  of  light  waves  constitute  a  more  remarkable 
instance  of  the  confirmation  of  a  brilliant  conception  than  that 
of  the  law  of  gravitation  itself. 
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If  we  accept  these  facts  as  confirming  the  supposition  that 
light  is  an  electric  phenomenon,  then  we  may  consider  the  re- 
sults found  as  data  obtained  by  different  methods  for  the  solu- 
tion of  the  problem,  the  velocity  of  light.  It  would  be  neces- 
sary then  to  examine  the  principles  of  the  methods  involved 
to  determine  what  phase  of  the  problem  each  corresponds  to, 
i.  c,  whether  to  a  group-velocity  or  to  a  wave-velocity. 

Consider  first  v,  the  ratio  of  the  two  units.  In  the  deriva- 
tion of  the  equations  for  the  propagation  of  undulations  in  a 
non-conducting  medium  the  time  rate  of  change  in  the  polar- 
ization, either  electric  or  magnetic,  is  obtained  in  terms  of  the 
line  integral  of  the  force,  magnetic  or  electric,  respectively, 
around  the  bounding  curve  through  which  this  polarization  or 
flux  takes  place.  Since  now  each  term  in  the  resulting  equa- 
tions may  be  expressed  in  either  the  electrostatic  or  electro- 
magnetic units,  the  integral  of  these  differentialequations  would 
show  some  connection  between  the  constants  in  the  problem 
and  the  ratio  of  the  units,  if  different  units  are  used,  otherwise 
not.  The  well-known  solution  of  these  so-called  wave-equa- 
tions is  a  wave-potential  involving  as  one  of  its  factors  a  func- 
tion periodic  in  time  and  in  space.  If  we  follow  any  value 
of  the  function,  i.  e.,  the  same  phase  of  the  disturbance,  the 
distance  we  shall  have  gone  in  a  unit  of  time  is  found  to  be 
the  number  of  electrostatic  units  in  the  electromagnetic  unit 
multiplied  into  the  reciprocal  of  the  square  root  of  the  con- 
stants of  electric  and  magnetic  polarization,  respectively.  In 
vacuo  these  constants  are  unity.  We  therefore  conclude  that 
the  value  of  v  is  the  wave-velocity  of  light  and  not  the  group 
velocity. 

In  the  experiment  for  measuring  the  velocity  of  propagation 
of  electric  oscillations  or  Hertzian  waves,  the  frequency  of 
these  oscillations  is  determined  either  directly,  by  observing 
the  successive  discharges  in  a  rotating  mirror,  or  by  calculation 
from  the  capacity  and  induction  of  the  electrical  system.  By 
determining  the  wave-length  of  the  disturbance — usually  by 
noting  the  nodes  of  standing  waves  along  a  wire — the  velocity 
is  found.  The  velocity  may  also  be  measured  by  noting  the 
time  for  the  transmission  of  individual  disturbances  over  a 
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given  interval  of  space.  These  methods  all  have  to  do  with  a 
phase  of  the  disturbance  and  not  with  the  mean  of  a  group  of 
oscillations,  and  hence  correspond  to  the  wave-velocity. 

The  electrical  methods  then  all  give  the  wave-velocity,  while 
the  optical  methods  thus  far  used  do  not  give  directly  the  wave- 
velocity  or  the  velocity  of  the  individual  disturbances,  but  a 
velocity  dependent  on  that  of  the  group. 

While  the  agreement  between  these  electrical  constants  and 
the  light  constant  has  perhaps  been  the  strongest  factor  in  the 
identification  of  electromagnetic  and  optical  phenomena,  addi- 
tional discoveries  now  give  incontrovertible  evidence  of  the 
common  agency  of  the  two  classes  of  phenomena,  so  that  these 
constants  may  now  be  considered  with  good  reason  to  be,  not  so 
valuable  as  evidence  of  like  phenomena,  as  independent  data 
in  determining  the  true  value  of  the  velocity  of  propagation 
of  the  medium  for  electrical  and  optical  disturbances.  It  is 
true  that  exact  quantitative  evidence  is  lacking.  The  ex- 
periment of  Rowland  is  essentially  qualitative,  and  although 
his  results  agree  approximately  with  values  calculated  from 
theory,  more  exact  results  are  extremely  desirable,  although 
such  a  possibility  seems  to  transcend  present  mechanical 
attainments.  The  futile  attempts  to  definitely  establish  by 
direct  experiments  the  electrodynamic  relations  between 
electric  charges  and  the  electromagnetic  field  do  not  disturb 
our  confidence  in  the  truth  of  the  theory. 

Experiment  still  fails  to  give  us  a  mechanical  reaction  on  a 
charged  particle  moving  in  a  magnetic  field.  It  fails  also  in 
giving  a  positive  reaction  on  a  charged  particle  when  the  mag- 
netic field  is  varied.  The  experiments  to  detect  the  electro- 
motive intensity  produced  by  the  variation  of  the  velocity  of  a 
moving  charge  have  not  yet  been  successful.  These  are  all 
essential  features  of  the  electromagnetic  theory  and  undoubt- 
edly will  receive  a  successful  solution  in  the  future.  On  the 
other  hand  the  action  of  a  magnetic  field  in  affecting  the  dis- 
charge in  a  vacuum  electrode  tube  and  the  celebrated  dis- 
covery by  Hall  designated  as  the  Hall  "effect"  are  evidence 
of  the  reality  of  the  mechanical  action  on  a  charge  moving  in  a 
magnetic  field.     The  phenomena  of  discharge,  in  electrodeless 
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tubes  in  the  presence  of  electric  oscillations  is  significant  of  the 
mechanical  action  on  a  charged  particle  in  a  varying  magnetic 
field.  The  discoveries  by  Faraday  and  by  Zeemann — as  we 
now  interpret  the  association  of  electric  charges  on  matter  as 
evidenced  by  what  we  know  from  electrolysis — are  a  further 
confirmation  of  the  mechanical  reaction  of  a  field  of  force 
upon  moving  charges.  The  experiments  of  Lecher  on  the 
magnetic  action  of  displacement  currents  in  a  dielectric  also 
confirm  our  ideas  in  regard  to  the  essential  characteristic  of  an 
insulating  medium  and  the  electric  charges  on  the  ultimate  ele- 
ments of  matter.  Hence  we  are  with  full  reason  bound  to 
identify  these  constants,  and  may  therefore  examine  their 
derivation  by  a  closer  analysis  of  their  real  significance.  If 
on  the  optical  side  of  the  problem  of  the  velocity  of  propaga- 
tion of  individual  disturbances  has  never  been  attacked  directly 
there  seems  to  be  full  reason  for  doing  so  in  order  to  complete 
the  evidence  from  the  standpoint  of  light  phenomenon  which 
we  already  have  at  hand  on  the  electrical  side. 

It  would  be  desirable  to  determine  the  velocity  of  a  group 
of  periodic  electric  disturbances  under  varying  conditions  in 
order  to  compare  it  with  the  velocity  of  a  single  disturbance. 

In  the  methods  of  Fizeau  and  of  Foucault,  which  are  the 
only  ones  used  thus  far,  the  time  of  the  "go"  and  return  of  a 
flash  of  light  is  measured.  The  relation  of  this  time  to 
that  of  the  time  of  the  "go"  and  return  of  a  single  one 
of  the  component  waves  is  not  a  relation  at  once  simple 
and  evident.  Xo  experiments  have  been  directly  carried 
out  to  determine  this  relation  in  optical  media.  We  have 
theoretical  considerations  of  analogous  examples  to  go  by, 
but  no  direct  experimental  data.  Lord  Rayleigh  has  con- 
sidered the  problem.  It  has  been  noticed  that  in  the  prog- 
ress of  a  group  of  waves  in  water,  the  individual  waves 
appear  to  advance  through  the  group  and  die  away  at  the 
anterior  limit.  Stokes  has  explained  this  by  regarding  the 
group  as  formed  by  the  superposition  of  two  infinite  trains  of 
waves  of  equal  amplitudes  and  of  nearly  equal  wave-lengths 
advancing  in  the  same  direction.  The  mathematical  formula- 
tion of  this  phenomenon  as  thus  explained  gives  a  resultant 
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periodic  motion  with  a  periodic  amplitude  varying  from  zero 
to  the  sum  of  the  two  elements.     The  velocity  of  this  maxi- 
mum, which  is  called  the  group-velocity  U  is  related  to  the 
wave-velocity  V  by  the  variation  with  respect  to  the  wave- 
length /..      If  the  wave-velocity  V  is  definitely  known  as  a  func- 
tion of  the  wave-length,  then  the  group-velocity  can  be  ascer- 
tained.    On  the  other  hand,  we  cannot  determine  the  wave- 
velocity  V  from  a  complete  knowledege  of  the  function  U.     It 
is  necessary  that  we  know  the  relation  of  V  to  the  wave-length. 
Rayleigh  finds  that  U  -■  (i  —  n)V  if  the  wave-velocity  V  varies 
as  the  nth  power  of  the  wave-length  ?..     Thus  for  deep  water 
waves  n  =  1/2,  U  =  3/2 1".     In  the  case  of  aerial  waves  U  and  \r 
are  nearly  the  same.      In  this  instance  the  ear  detects  the 
periodic  variation  of  the  resultant  amplitude  as  beats  which 
are  propagated  out  with  the  velocity  of  the  component  waves. 
The  resultant  of  two  such  systems  of  light  waves  may  be  illus- 
trated by  the  interference  of  the  two  sodium  lines  in  Newton's 
rings  and  the  periodic  variation  in  the  luminosity  of  the  rings 
when  a  great  number  are  examined  together.     This  of  course 
is   the  fluctuation   which  occurs  in   the  resultant  radiations 
propagated  into  space  but  not  capable  of  being  seen  by  the  eve. 
The  argument  from  the  kinematical  point  of  view  for  the 
relation  of  the  two  velocities  is  not  entirely  beyond  criticism 
as  this  requires  a  gradual  variation  in  the  amplitude  according 
to  the  cosine  law.     As  the  group  sent  out  by  either  of  these  two 
methods  must  deviate  considerably  from  this  law,  it  would  be 
necessary  to  include  a  number  of  harmonics  in  Fourier's  series 
to  give  the  proper  configuration  to  the  group.      In  order  that 
we  may  then  use  the  kinematical  argument  we  must  assume 
these  harmonics  are  rapidly  frittered  down  and  that  they  never 
return.     This   may   have  some   significance   in   the   toothed- 
wheel  method,  where  some  observers  have  noted  a  coloration 
of  the  return   image.     Further  analysis  of  the   kinematical 
problem  is  necessary  before  we  can  feel  sure  of  its  application 
to  the  physical  counterpart.     The  argument  which  Lord  Ray- 
leigh has  advanced,  based  on  the  consideration  of  the  energy 
propagated,  assumes  absorption  due  to  a  frictional  term  pro- 
portional to  the  velocity.     Xow  while  absorption  in  ponderable 
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media  is  explained  on  the  assumption  of  imbedded  particles 
in  the  ether  of  some  specific  period,  it  has  not  yet  been  proven 
that  this  is  the  only  way  in  which  absorption  may  take  place. 
If  there  be  absorption  in  the  ether  itself  it  is  not  easy  to  see 
just  how  it  does  occur.  On  the  assumption  already  made 
above  it  would  be  impossible  for  the  ether  to  transmit  waves 
of  certain  frequencies  corresponding  to  its  natural  period  and 
we  should  have  selective  absorption,  a  condition  quite  contrary 
to  the  conception  of  such  a  medium.  On  the  above  assump- 
tion, however,  the  ratio  of  the  energy  passing  a  given  point  in 
a  unit  of  time  to  the  energy  in  the  train  after  this  unit  of  time 
is  the  ratio  of  the  group-velocity  to  the  wave-velocity.  Thus 
we  see  the  ratio  depends  directly  on  the  amount  of  absorp- 
tion. It  is  not  quite  clear,  however,  that  this  relation  would 
hold  for  absorption  by  some  other  mode.  We  may  then  feel 
some  hesitancy  in  accepting  this  relation  of  the  group-velocity 
to  the  wave-velocity  as  based  on  either  the  kinematical  analogy 
or  the  energy  argument.  We  must  therefore  fall  back  for  the 
solution  upon  direct  experimental  means.  The  significance 
of  such  an  experimental  solution  to  the  problem  of  the  propa- 
gation of  undulations  should  not  be  underestimated.  Investi- 
gations of  these  two  velocities  for  monochromatic. light,  such 
as  from  cadmium  or  mercury,  in  highly  dispersing  substances 
like  carbon  disulphide  or  alphamonobromonapthaline  or  dense 
glass  of  Faraday,  now  seem  entirely  possible  and  sufficient  for 
the  solution  of  the  problem. 

In  the  case  of  the  ether  the  arguments  which  can  be  ad- 
vanced in  regard  to  velocity  of  light  for  different  colors  indicate 
the  same  velocity  for  all  colors.  It  was  pointed  out  by  Arago 
that  any  difference  in  velocity  should  produce  a  coloration  in 
any  luminous  body  in  the  universe  which  should  vary  rapidly  in 
intensity.  Thus  in  the  observations  on  the  eclipse  of  Jupiter's 
satellites  they  should  momentarily  show  at  the  instants  of  dis- 
appearing and  reappearing  a  coloration  complementary  in  the 
two  cases.  Nothing  of  this  kind  has  been  recorded.  Again 
in  the  case  of  Algol,  Xewcomb  estimated,  from  its  probable 
distance — greater  than  2,000,000  radii  of  the  earth's  orbit  and 
the  time  for  light  to  reach  us,  30  years — that  a  difference  in 
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time  between  the  blue  and  the  red  rays  of  one  hour  would  give 
a  difference  in  velocity  of  four  parts  in  a  million.  In  the  re- 
markable changes  in  Nova  Persei  last  year,  its  complete  spec- 
trum appeared  to  be  visible  even  though  the  changes  in  its 
intensity  were  far  more  rapid  than  in  the  case  just  mentioned. 
As  no  trace  of  coloration  has  ever  been  observed  this  differ- 
ence of  time  cannot  exceed  a  fraction  of  an  hour.  It  should 
be  mentioned,  however,  that  in  the  experiments  of  Young  and 
Forbes,  the  velocity  of  blue  light  was  apparently  about  1.8  per 
cent,  greater  than  that  of  red  light.  Both  Michelson  and  New- 
comb  claim  that  this  would  have  been  very  distinctly  ob- 
served in  their  experiments  with  the  rotating  mirror  in  the 
spreading  out  of  the  image  of  the  slit  into  a  distinct  spectrum. 
A  further  instance  is  cited  by  Lord  Rayleigh  which  may  be  of 
value.  If  we  examine  the  position  of  the  bands  in  the  spec- 
trum of  glowing  gases,  we  find  certain  harmonic  relations. 
Now  if  these  rays  had  different  velocities  in  the  free  ether  the 
position  of  the  bands  would  be  effected  and  the  harmonic  rela- 
tions, apparently  holding  as  deduced  from  the  spectra  observed, 
would  not  give  the  harmonic  relations  in  the  radiants  them- 
selves; or,  vice  versa,  such  harmonic  relations  between  the 
radiants  would  not  give  harmonic  distribution  of  the  bands  in 
the  spectrum.  From  another  standpoint  it  may  be  mentioned 
that  on  any  theory  of  an  optical  medium  we  know  that  either 
a  difference  in  velocity  or  a  dispersion  requires  incomplete 
transmission.  This  may  be  due  to  internal  reflection  or  to 
transformation  into  heat.  The  transmission  would  also  be 
differential.  Thus  only  a  part  of  the  light  of  the  distant  stars 
would  reach  the  eye  and  this  would  be  more  and  more  colored 
as  the  distance  increased,  due  to  the  differential  transmission. 
No  effect  of  this  kind  can  be  observed  even  in  the  nebula? 
which  are  so  remote  that  the  telescope  cannot  resolve  them, 
although  the  spectroscope  gives  us  unquestioned  evidence  of 
their  stellar  nature. 

These  arguments  from  the  astronomical  point  of  view  are, 
however,  uncertain  and  indirect.  Until  we  can  determine  to 
a  close  approximation  the  wave-velocities  of  different  colored 
rays  in  ponderable  media  as  well  as  in  the  ether,  we  cannot  be 
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assured  that  we  are  entitled  to  consider  the  determination  by 
the  group  methods  used  heretofore  as  sufficient  to  give  us  the 
absolute  velocity  of  light.  Even  if  we  regard  the  evidence 
from  astronomical  observations  of  the  common  velocity  in 
space  for  all  colors,  and  from  this  conclude  that  the  absolute 
velocity  is  the  group-velocity,  as  the  equations  of  Lord  Ray- 
leigh  show  with  the  assumptions  he  makes,  we  are  still  lacking 
sufficient  data  for  the  relation  in  the  case  of  ponderable  media. 
In  the  discussion  of  the  results  by  the  toothed- wheel  method 
and  the  rotating-mirror  method,  considerable  difference  of 
opinion  has  been  expressed  as  to  just  what  we  obtain  by  the 
latter  method.  There  seems  to  be  no  dissenting  opinion  that 
the  toothed-wheel  method  gives  the  group-velocity  directly, 
for  here  we  have  the  time  of  transit  of  an  interrupted  beam  of 
light.  In  the  rotating-mirror  method  the  ray  is  also  inter- 
mittent. Lord  Rayleigh  seems  first  to  have  raised  the  inter- 
esting question  as  to  what  is  actually  measured  in  these  experi- 
ments, and  in  his  first  note  states  that  the  rotating-mirror 
method  gives  the  group-velocity  U.  In  a  later  article  he 
arrives  at  a  different  result  and  gives  the  square  of  the  wave- 
velocity  divided  by  the  group- velocity,  V2/U.  Evidently 
unless  we  know  the  relation  of  the  two  we  can  find  neither  if 
this  be  correct.  Now  this  relation  is  not  certainly  known  as 
pointed  out  above.  On  the  other  hand  Gouy,  however, 
dissents  from  this  second  view  and  shows  that  the  group- 
velocity  U  is  the  quantity  determined  by  the  rotating-mir- 
ror method.  Schuster  in  a  later  article  dissents  from  Gouv's 
conclusion  and  corrects  Lord  Rayleigh 's  second  result,  and 
gives  the  square  of  the  wave-velocity  divided  by  twice 
the  wave-velocity  minus  the  group- velocity,  Yl /{2V  —  I'). 
J.  Willard  Gibbs  in  a  later  article  points  out  an  error  in  the 
derivation  of  this  relation  by  Schuster  and  shows  that  the 
group-velocity  is  after  all  what  is  determined  by  the  rotating- 
mirror  method.  He  shows  further  that  the  results  of  Michel- 
son's  observation  on  carbon  disulphide  give  a  closer  agreement 
with  the  refractive  index  with  this  conclusion  arrived  at  by 
Schuster.  Lord  Rayleigh  suggests  in  his  second  note  that  by 
placing  a  lens  in  the  path  of  the  ray  so  that  the  fixed  mirror 
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is  at  its  focus  the  rotation  of  the  wave-front  caused  by  the 
rotating  mirror  would  be  corrected  on  the  return  and  we  should 
thus  find  the  absolute  velocity  V.  This  is  evidently  in  error,  as 
Schuster  showed,  as  the  rotations  would  be  added.  Even  if 
neutralized  we  should  not  obtain  V,  but  U .  In  a  reply  to  a 
communication  by  the  writer  to  Lord  Rayleigh  in  1890  as  to. 
such  a  method  for  the  absolute  velocity  he  has  indicated  a 
misapprehension  on  this  matter  and  expressed  his  opinion  as 
to  the  probable  correctness  of  Professor  Gibb's  conclusion 
which  agrees  with  his  first  position.  With  the  exception  of 
Schuster  the  rotating  mirror  method  seems  to  be  accepted  by 
all  as  giving  the  group- velocity.  The  correction  for  the  rota- 
tion between  two  successive  wave  planes  which  is  erroneously 
given  by  Schuster  would  give  the  group-velocity  and  thus  an 
agreement  with  the  results  of  the  rest.  While  the  observa- 
tions of  Michelson  on  carbon  disulphide  give  the  closest  agree- 
ment with  this  result,  more  exact  data  for  specific  wave-lengths 
are  desirable  in  order  to  confirm  the  theoretical  conclusion. 

In  studying  the  question  of  group-  and  wave-velocities  in 
connection  with  dispersion  the  following  two  methods  occurred 
to  the  writer:  The  first  one  was  for  increasing  the  sensibility 
of  the  old  methods,  and  the  second  one  for  observing  the  wave- 
velocity  directly  by  means  of  interference.  In  1889  he  was 
invited  by  President  Hall  to  Clark  University  to  conduct, 
among  other  things,  an  investigation  on  some  special  problem. 
The  dispersion  in  air  was  selected,  and  a  combination  of  the 
arrangements  of  both  Fizeau  and  Foucault  which  had  occurred 
to  the  writer  before  was  adopted.  The  essential  condition 
in  Fizeau's  method  is  to  produce  an  intermittence  in  a  beam  of 
light.  This  is  done  mechanically  by  the  rotation  of  a  toothed 
wheel.*  It  is  quite  clear  that  if  the  wheel  were  fixed  and  the 
ray  rotated  the  condition  of  intermittence  would  be  fulfilled. 
It  would  then  be  merely  a  matter  of  arranging  a  suitable 
optical  system  to  maintain  a  fixed  direction  for  the  ray  while 

*In  the  March  number  of  the  Philosophical  Magazine  for  this 
year,  Professor  Michelson  describes  a  similar  arrangement  which 
occurred  to  him  independently  during  his  experiments  on  the 
motion  of  the  ether. 
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in  transit  between  the  two  stations.  Any  such  optical  system 
would  avoid  the  inerta  inherent  in  a  mechancial  system  and 
would  thus  allow  of  much  greater  speed  and  consequent  sen- 
sibility. Through  the  courtesy  of  the  Secretary  of  the  Navy 
and  the  active  assistance  of  Professor  Newcomb,  the  photo- 
tachometer  of  the  latter  was  secured  to  carry  out  this  experi- 
ment at  the  University  of  Nebraska  instead.  This  instru- 
ment seemed  to  be  well  suited  for  a  preliminary  experiment  on 


Ftgl 


Fie  2 


account  of  the  rectangular  shape  of  the  rotating  mirror  and  the 
number  of  reflecting  faces  available.  Figures  i  and  2  show 
the  arrangement  used  and  the  path  of  the  ray.  The  original 
apparatus  was  changed  slightly,  the  two  telescopes  T  and  T 
being  shifted  so  that  their  axes  passed  through  the  middle  of 
one  set  of  faces  when  these  stood  at  450  to  the  same.  The 
other  additions  were  the  lenses  L  the  grating  G  and  the  plane 
mirror  M.  The  instrument  was  originally  mounted  so  as  to 
use  the  concave  mirror  belonging  to  the  instrument  itself, 
which  had  a  radius  of  curvature  of  3,000  meters.  Owing  to 
improvements  about  the  campus  it  became  necessary   to  re- 
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move  the  piers  and  discontinue  the  experiment  for  several 
years.  It  was  again  finally  mounted  in  the  basement  of  the 
Physical  Laboratory  on  a  much  smaller  scale,  and  the  flat 
mirror  M  used  at  a  distance  of  about  fifteen  meters  from  the 
rotating  mirror  R.  The  lens  L  was  a  telescope  lens  of  one 
meter  focus  and  ten  centimeters  aperture.  The  concave  mirror 
G  had  a  radius  of  curvature  of  one  meter  and  an  aperture  of 
ten  centimeters.  A  narrow  strip  across  this  mirror  was  divided 
into  equal  bright  and  dark  spaces  of  ten  to  the  millimeter. 
This  was  accomplished  by  means  of  a  diamond  making  five 
deep  strokes  in  each  alternate  space.  In  this  way  normally 
incident  light  would  be  returned  over  the  same  path  from  the 
bright  spaces,  but  be  scattered  from  the  cuttings  in  the  adjacent 
spaces,  so  that  very  little  of  it  would  be  returned  in  the  direc- 
tion of  incidence.  A  lens  converged  the  sun's  rays  on  the  slit 
S  from  which  a  beam  passed  to  the  mirror  P  through  the  colli- 
mator lens  T  to  the  upper  part  of  the  adjoining  face  of  the  rota- 
ting mirror  R  from  which  it  was  reflected  at  450  through  one- 
quarter  of  the  lens  L  and  brought  to  a  focus  on  the  grating 
mirror  G.  From  this  it  was  reflected  through  the  lower  oppo- 
site quarter  of  the  lens  to  the  lower  part  of  the  next  face  of  R 
and  thence  reflected  at  450  to  the  plane  mirror  M  as  parallel 
light.  This  reflected  it  to  the  upper  part  of  the  same  face  of  R 
thence  through  L  to  G  and  back  to  the  lower  half  of  the  face  of 
R  upon  which  it  was  first  incident  and  thence  through  the 
observing  telescope  7 '  below  the  collimator,  to  the  eye.  It  is 
clear  from  the  diagram  and  from  the  principle  that  an  even 
number  of  reflections  of  a  ray  system  from  a  moving  reflection 
system  does  not  alter  their  direction  that  the  incident  and  the 
reflected  rays  from  the  rotating  mirror  R  will  remain  parallel 
to  each  other  and  hence  will  always  meet  the  mirror  M  at  the 
same  point  during  the  rotation  of  R.  For  the  moment  let  us 
assume  the  image  of  the  slit  5  just  covers  one  of  the  bright 
spaces.  By  proper  adjustment  of  M  the  return  image  can  be 
made  to  coincide  with  it.  Usually  it  was  displaced  slightly 
below  it  so  as  to  observe  the  relative  positions  of  the  two  when 
the  mirror  R  was  rotated  so  as  to  carry  the  images  across  the 
grating.      If  now,  during  the  time  of  transit  from  G  and  back, 
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the  mirror  lias  rotated  through  an  odd  number  of  spaces  no 
appreciable  light  will  be  reflected  from  G  through  T'  to  the 
eye.  j|  If  the  rotation  correspond  to  an  even  number  of  spaces, 
the  eye  would  see  an  enfeebled  image  of  the  slit  5.  If  the 
mirror  were  varying  in  speed  the  eye  would  see  this  image  pass 
successively  through  maxima  and  minima,  depending  on  the 
rate  of  change  of  the  rotating  mirror  R.  Suppose  now  the 
image  of  5  covers  any  number  of  spaces  on  G  the  eye  will  see  an 
image  of  S,  but  crossed  by  bright  and  dark  spaces  correspond- 
ing to  those  on  G.  With  the  corresponding  variations  in  the 
speed  of  the  rotating  mirror  the  eye  will  see  corresponding 
fluctuations  in  this  image.  In  this  way  the  eye  may  be  able 
to  determine  the  minima  by  comparison  with  the  darker  spaces 
which  remain  of  constant  intensity. 

The  aperture  of  the  "sending"  telescope  was  4.5  cm.  but  the 
effective  aperture  with  the  rotating  mirror  at  450  was  only 
2.5  em.  The  actual  spacing  was  .02  cm.  between  the  bright 
lines,  which  is  well  within  the  limits  of  good  definition.  The 
mirror  could  be  driven  up  to  250  revolutions  or  more  per 
second  without  serious  vibration.  Thus  the  ray  could  be  inter- 
rupted about  10,000,000  times  in  a  second.  This  would  give 
a  group  of  waves  about  fifteen  meters  long.  If  the  limits 
of  resolving  power  and  speed  were  used  40,000,000  inter- 
ruptions could  be  obtained  and  the  lengths  of  the  groups  could 
be  reduced  to  less  than  four  meters.  Thus  there  would  be 
al  tout  6,000,000  waves  in  each  group.  As  the  eye  can  observe 
a  change  in  intensity  of  less  than  one  per  cent.,  the  method 
would  thus  be  capable  of  detecting  the  existence  of  a  velocity 
if  the  total  distance  of  the  mirror  M  were  less  than  2  cm.  from 
the  grating.  This  shows  the  sensibility  which  the  combina- 
tion of  the  methods  of  Fizeau  and  Foucault  may  give  under 
very  favorable  conditions. 

It  the  velocity  were  different  for  different  colors  this  method 
would  be  capable  of  showing  even  a  very  slight  difference. 
For  example  the  difference  in  velocity  between  the  extreme 
red  and  the  violet  rays  in  carbon  disulphide  is  about  one-six- 
teenth. For  air  this  difference  is  about  one  part  in  one  hun- 
dred thousand.     Now  an  addition  of  5  per  cent,  of  one  of  these 
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colors  and  a  subtraction  of  the  same  amount  of  the  other  from 
white  light  will  produce  a  perceptible  change  in  time.  Thus  if 
we  consider  a  five  per  cent,  change  instead  of  one  per  cent,  as 
mentioned  previously,  and  multiply  this  by  sixteen  we  obtain 
1.6  meters  as  the  length  of  a  column  of  carbon  disulphide  be- 
tween the  grating  and  the  fixed  mirror,  in  which  we  could  just 
detect  the  dispersion  of  light.  Similarly  in  the  case  of  air  we 
have  to  multiply  by  five  and  by  100,000  and  obtain  about  ten 
kilometers  to  produce  the  necessary  dispersion  in  air.  It  is 
very  doubtful  whether  this  sensibility  can  be  actually  realized. 
In  the  preliminary  experiments  with  his  instrument  sunlight 
was  used.  The  scattered  light  from  different  parts  of  the 
system  prevented  the  contrast  between  the  light  and  dark 
spaces  in  the  return  image  which  would  be  necessary  for  such 
a  high  sensibility.  By  adjusting  the  mirror  M  so  that  the 
images  of  the  bright  spaces  of  the  grating  should  fall  on  the 
dark  spaces  on  their  return,  the  appearance  for  an  eclipse 
could  be  studied.  In  reference  to  the  intensity  of  the  return 
image,  if  we  allow  fifty  per  cent,  less  from  successive  reflections 
and  remember  that  the  angle  of  the  grating  was  only  one  six- 
tieth of  the  circumference,  we  find  only  about  one  per  cent,  of 
the  light  available  in  the  return  image.  Thus  with  the  mechan- 
ical system  of  Fizeau's  toothed  wheel  we  should  have  one  hun- 
dred times  the  light  available  for  the  same  aperture.  The  pre- 
liminary experiments  were  made  under  favorable  conditions, 
but  indicated  a  greater  sensibility  than  that  heretofore  ob- 
tained. With  sunlight  sufficient  intensity  wrould  be  available 
for  the  experiments  just  referred  to.  With  the  apparatus  as 
mounted  too  much  instability  was  experienced  to  obtain  satis- 
factory definition  with  the  rotating  mirror  and  the  motor  and 
blower  which  drove  it  in  motion.  The  condition  of  the  faces 
of  the  rotating  mirror  also  prevented  distinct  definition.  In 
order  to  use  all  four  faces  they  required  refiguring  and  the 
angles  between  them  recut.  The  lack  of  funds  to  make  these 
changes  and  the  recall  of  the  instrument  have  caused  the  ex- 
periments to  be  interrupted  several  times  and  finally  aban- 
doned until  the  means  for  building  apparatus  more  suitable 
for  the  purpose  and  for  carrying  out  the  experiment  can  be 
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obtained.  This  method  will  give  the  group- velocity  U  directly 
according  to  the  criticism  already  referred  to  on  the  method  of 
the  rotating  mirror.  The  possibility  of  obtaining  important 
data  on  group-velocity  in  different  media  by  so  sensitive  a 
method,  and  also  the  determination  of  the  velocity  of  light 
in  a  vacuum  itself  warrants  further  efforts  being  made  along 
this  line.  These  experiments  were  initiated  in  1889  and  dis- 
continued a  half  dozen  years  later  in  the  way  mentioned. 

It  is  doubtful  whether  there  are  other  methods  for  deter- 
mining the  group-velocity  of  greater  sensibility.  One  method 
of  considerable  promise  is  by  means  of  polarized  light.  Two 
ravs  of  light  pass  through  a  Nichol  and  a  half-wave  plate. 
Each  is  reflected  from  each  of  two  mirrors  respectively.  By 
properly  focusing  we  should  have  a  half-shade  combination 
which  on  rotating  the  half- wave  plate  and  the  Nichol  about 
the  common  axis  would  give  a  difference  in  the  intensity  of 
each  return  ray.  Half-shade  systems  have  a  sensiblity  as 
high  as  one  thousandth  of  a  degree  in  the  limit.  Such  a  Nichol 
could  probably  be  rotated  at  a  speed  exceeding  two  thousand 
per  second.  Polishing  machines  are  now  run  above  one  hun- 
dred thousand  a  minute.  Foucault's  mirror  rotated  eight  hun- 
dred times  a  second.  At  such  a  speed  and  sensibility  a  velocity 
in  light  could  be  detected  over  a  distance  of  about  twenty 
centimeters. 

Another  system  depending  upon  electric  oscillation  would 
require  much  the  same  optical  system.  A  prism  of  glass  be- 
tween two  electrodes  as  arranged  for  the  Kerr  "effect"  in  a 
dielectric  is  placed  beyond  a  half- wave  plate  and  a  Nichol  prism 
which  is  fixed.  If  now  the  glass  is  subjected  to  electric  strain 
by  rapid  oscillations,  the  fields  from  each  mirror  are  lighted  up 
differently  and  the  limiting  distance  at  which  this  difference 
is  observable  will  be  the  same  as  stated  previously.  Probably 
oscillations  several  hundred  millions  a  second  would  be  possi- 
ble with  such  a  condenser  system.  Forty  millions  a  second 
was  the  limit  with  the  rotating  mirror  and  grating  as  described 
above.  This  could  probably  be  increased  to  one  hundred 
millions  a  second  with  a  suitable  rotating  mirror.  Instead  of 
using  the  Kerr  "effect "  a  piece  of  Faraday  glass  within  a  single 
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turn  of  foil  could  be  used  for  very  high  frequencies  and  the 
Faraday  "effect"  employed  instead.  Probably  the  same 
order  of  sensibility  could  be"  obtained  as  with  the  former.  It 
is  hoped  to  make  preliminary  experiments  on  these  promising 
methods  which  would  probably  give  shorter  groups  or  types 
of  waves  than  any  of  the  others.  Here  we  should  not  have  an 
intermittence  but  a  property  impressed  at  intervals  upon  a 
continuous  train  of  waves,  and  the  relation  of  the  velocity  of 
that  property  to  the  wave-velocity  would  have  to  be  deter- 
mined. 

Xo  method  for  determining  the  wave-velocity  of  light  seems 
yet  to  have  been  proposed.  The  following  arrangement  oc- 
curred to  the  writer  in  1890  while  experimenting  with  the 
photqtachometer  as  already  described.  Suppose  that  in  two 
interfering  systems  of  rays  we  could  alter  the  length  of  the  path 
of  one  or  both  of  the  rays  during  their  transit  from  their  com- 
mon source  to  their  final  point  of  meeting,  there  would  be  a 
displacement  of  the  bands  depending  on  the  relative  retarda- 
tion introduced  into  the  paths  during  this  interval.     Figure  3 

ns  3 
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illustrates  the  first  conception  of  the  system.  A  beam  of 
parallel  light,  from  a  lens,  say,  strikes  the  two  adjacent  faces 
of  a  rectangular  mirror,  each  face  of  which  reflects  the  rays 
in  opposite  directions  to  the  mirrors  M  and  M't  each  of  which 
reflects  the  corresponding  rays  to  the  other  and  thence  both 
return  to  the  mirror,  thus  traversing  each  other's  paths.  If 
now  the  mirror  m  is  displaced  to  the  position  of  ;;/'  in  this  in- 
terval the  path  of  one  ray  will  exceed  that  of  the  other  by  twice 
the  distance  through  which  the  mirror  has  moved.  Knowing 
this  distance,  by  means  of  the  wave-length  and  the  time  it 
takes  to  displace  the  mirror  a  given  distance,  we  have  at  once 
the  time  of  displacement  of  the  mirror  from  the  position  ;;;  to 
m'  and  thus  the  time  of  transit  of  any  one  ray  around  this  path, 
and  hence  the  wave-velocity.  Considerable  difficulty  was  ex- 
perienced in  devising  a  method  of  displacement  of  sufficiently 
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high  speed.  If  the  mirror  m  is  mounted  on  a  rotating  disc  the 
rays  would  be  reflected  beyond  the  mirrors  AI  and  M'  and  the 
interference  would  be  changed  by  the  angular  motion  of  the 
mirror.  The  mechanical  oscillator  of  Mr.  Tesla  suggested 
itself  as  capable  of  giving  possibly  sufficient  speed.  The 
variation  in  the  speed  which  would  cause  the  bands  to  be 
superimposed  and  thus  obliterated  rendered  this  method  im- 
possible. The  same  difficulty  would  be  experienced  with  any 
reciprocating  means.  The  compensation  for  angular  move- 
ment of  a  disc  did  not  seem  clear  and  its  use  was  abandoned 
for  a  time.     Instead  of  this  the  system  indicated  in  Figures  4 


2>P 


and  5  was  tried.  L  and  L'  are  two  bisected  lenses,  P  and  P' 
two  prisms,  one  of  which,  P',  is  mounted  on  a  rotating  disc  so 
that  the  total  thickness  would  be  increased  or  diminished  by 
its  rotation.  The  split  lens  L  forms  two  images  of  the  beam 
from  the  slit  5  and  one-half  of  its  aperture.  In  one  focus  the 
double  prism  is  placed.  The  split  lens  L'  forms  coincident 
images  on  the  distant  mirror  M,  which  reflects  each  ray  back 
over  the  path  through  the  opposite  halves  of  the  lenses  to  the 
mirror  m,  which  reflects  the  light  to  the  eye.  If  now  the  prism 
]"  be  moved  in  the  interval  of  transit  of  this  optical  circuit  the 
ray  returning  through  it  will  be  retarded  over  the  other. 
Knowing  the  constants  of  the  prism  and  the  speed  of  the  disc 
we  can  calculate,  in  this  way,  the  wave-velocity.  The  inter- 
ference bands  in  this  system  remained  indistinct  during  the 
movement  of  the  prism  over  an  arc  of  five  to  ten  degrees.  The 
length  of  this  system  in  the  preliminary  experiment  was  about 


D.    B.    BRACE. 


35* 


thirty  meters.  With  sunlight  and  a  much  greater  distance, 
distinct  hands  could  easily  he  obtained  will)  only  one-fiftieth 
the  intensity,  which  represents  the  fraction  of  the  incident 
light  available  during  one  revolution.  Mere  again  we  are  met 
with  the  difficult)-  of  obtaining  an  insufficient  component 
velocity  in  the  direction  of  the  ray.  which  is  the  velocity  of  the 
disc  into  the  cosine  of  the  angle  of  the  prism  into  the  index  of 
refraction  less  one. 

Through  a  fortunate  idea  the  rotating  disc  was  made  possi- 


""/////' 


ble.  and  the  final  and  most  serious  difficulty  was  overcome. 
Figure  6  gives  the  arrangement  with  somewhat  distorted 
details  to  show  the  optical  relations.  The  principle  that  an 
even  number  of  reflections  in  a  rotating  system  does  not  change 
the  relation  of  the  incident  to  the  transmitted  ray  was  made  use 
of.  A  further  difficulty  had  to  be  met  in  maintaining  the  rav 
upon  the  reflecting  elements,  as  the  rotation  of  the  reflected 
ray  is  twice  that  of  the  reflector.  If  the  radius  of  rotation  is 
reduced  onedialf  the  linear  movement  of  any  point  is  reduced 
one-half.  These  considerations  applied  to  two  mirrors  on  the 
rotating  disc  met  the  required  conditions.  Thus  the  mirror  m 
is  placed  just  half  the  distance  of  the  mirror  m'  from  the  center 
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A  ray  incident  upon  m  is  reflected  to  in'  and  thence  reflected  in 
some  definite  direction.  If  the  disc  now  rotate,  the  ray  will 
rotate  through  twice  the  angle,  but  still  strike  the  mirror  in'  in 
the  same  ppint  if  these  conditions  are  fulfilled  and  will  be  re- 
flected off  parallel  to  its  former  direction.  This  relation  will  be 
maintained  as  long  as  the  above  conditions  hold,  which  will  be, 
approximately,  through  a  considerable  fraction  of  the  circum- 
ference. This  will  be  best  satisfied  when  the  mirror  in  is 
normal  to  the  radius,  the  incident  ray  being  thus  nearly  nor- 
mal. The  arrangement  as  finally  adopted  is  shown  in  the 
figure.  Light  from  the  slit  5  is  converged  by  a  lens  L  to  a  half 
silvered  plate  /,  one  beam  being  reflected  and  the  other  passing 
through  and  being  reflected  by  the  mirror  I'.  Both  converg- 
ing beams  strike  the  mirror  in  at  the  same  point  and  are  then 
reflected,  the  first  beam  to  the  adjacent  face  of  the  rectangular 
mirror  in'  and  the  second  to  the  opposite  face,  where  they  form 
images  of  the  slit  5.  The  first  beam  is  reflected  to  M'  then  to 
M  and  finally  to  a  focus  on  in'.  Thence  the  two  rays  trace  each 
other's  paths  and  are  reflected  and  transmitted  respectively 
by  the  plate  /  through  the  spectral  system  P  to  the  eye,  where 
interference  bands  are  formed.  Thus,  aside  from  other  losses 
by  reflection  one-fourth  of  the  light  reaches  the  eye.  The 
distant  mirror  M  may  be  concave  and  of  the  proper  focus  for 
the  system ;  or  two  lenses  /  and  /'  may  be  used  so  as  to  obtain 
a  greater  aperture  to  the  beam.  These  two  rays  will  in  gen- 
eral travel  over  slightly  different  paths  and  hence  give  bands 
which  may  be  conveniently  analyzed  by  means  of  chan- 
neled spectra.  If  now  the  disc  rotates  the  path  of  one  of  the 
rays  will  become  greater  than  the  other  and  the  interference 
bands  will  shift.  If  a  spectrum  is  used  the  bands  will  move 
across  the' field,  increasing  or  decreasing  in  number.  If  the 
adjustment  is  initially  made  so  that  the  paths  are  the  same,  no 
bands  will  appear  until  the  disc  is  set  in  motion.  By  counting 
the  number  passing  any  point  we  can  obtain  the  order  of  the 
interference  for  that  wave-length,  and  from  the  dimensions 
and  speed  of  the  disc  determine  the  wave-velocity  for  that 
color.  From  the  position  of  the  other  bands  at  this  instant, 
we  can  calculate  the  velocitv  of  that  color.      Thus  we  have  the 
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means  at  hand  for  obtaining  the  wave-velocity  for  all  colors, 
from  which  the  group-velocity  for  the  same  can  at  once  be 
obtained.  The  radius  to  the  disc  m'  is  15  cm.  and  a  speed  of 
500  per  second  is  assured.  The  concave  mirror  M  has  an  aper- 
ture of  15  cm.  and  a  radius  of  curvature  of  15  M.  This  is  the 
arrangement  now  being  used.  With  this  velocity,  assuming  a 
band  can  be  read  to  one-thirtieth  part,  a  distance  of  only  .3  cm. 
would  show  a  velocity.  The  rays  during  transit  may  be  made 
to  pass  within  a  tube  which  can  be  evacuated,  connecting  M 
and  M'.  Another  arrangement  may  be  used  when  M  is  placed 
at  a  much  greater  distance  and  is  shown  in  the  annexed  dia- 
gram. /  and  /'  are  two  lenses  whose  foci  are  M  and  their  con- 
jugate foci  on  each  face  of  M'  respectively. 

It  seems  certain  now  that  the  wave-velocity  in  different 
media,  as  well  as  in  vacuo,  may  be  determined  to  a  high  degree 
of  accuracy  and  that  too  for  any  color. 
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RECENT   PROGRESS   IN   AMERICAN   BRIDGE   CON 
STRUCT  ION. 


In  view  of  the  great  achievements  in  engineering  construc- 
tion which  characterized  the  latter  part  of  the  nineteenth  cen- 
tury in  America,  it  seems  appropriate  to  give  a  brief  review 
of  the  most  recent  progress  in  one  of  its  departments,  that  of 
bridge  construction.  It  appears  to  be  the  more  fitting  since 
the  place  of  this  meeting  of  the  Association  is  the  greatest  center 
of  production  of  the  material  which  constitutes  the  bulk  of 
that  used  for  modern  bridges. 

The  application  of  scientific  principles  to  the  construction 
of  bridges  is  more  complete  to-day  than  ever  before.  This 
statement  applies  to  the  specified  requirements  which  the  fin- 
ished structure  must  fulfil,  the  design  of  every  detail  to  carry 
the  stresses  due  to  the  various  loads  imposed,  the  manufacture 
of  the  material  composing  the  bridge,  the  construction  of  every 
member  in  it,  and  finally  the  erection  of  the  bridge  in  the  place 
where  it  is  to  do  its  duty  as  an  instrument  of  transportation. 

A  close  study  of  the  economic  problems  of  transportation 
in  the  United  States  and  the  experimental  application  of  its 
results  led  the  railroad  managers  to  the  definite  conviction 
that,  in  order  to  increase  the  net  earnings  while  the  freight 
rates  were  slowly  but  steadily  moving  downward,  it  was  neces- 
sary to  change  the  method  of  loading  by  using  larger  cars 
drawn  by  heavier  locomotives,  so  as  to  reduce  the  cost  of  trans- 
portation  per  train  mile.     While  these  studies  had  been  in 
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progress  for  a  number  of  years  and  there  was  a  gradual  increase 
in  the  weight  of  locomotives,  it  is  only  within  the  past  five 
years  that  the  test  was  made,  under  favorable  conditions  and 
on  an  adequate  scale,  to  demonstrate  the  value  of  a  decided 
advance  in  the  capacity  of  freight  cars  and  in  the  weight  of 
locomotives  for  the  transportation  of  through  freight.  The 
test  was  made  on  the  Pittsburg,  Bessemer  and  Lake  Erie  Rail- 
road, which  was  built  and  equipped  for  the  transportation  of 
iron  ore  from  Lake  Erie  to  Pittsburg  and  of  coal  in  the  oppo- 
site direction. 

When  this  economic  proposition  was  fairly  established,  it 
was  wonderful  to  see  how  railroad  managers  and  capitalists 
met  the  situation,  by  investing  additional  capital  for  the  newer 
type  of  equipment,  and  for  the  changes  in  road  bed  and  loca- 
tion necessarily  involved  with  that  in  the  rolling  stock.  Curves 
were  taken  out  or  diminished,  grades  were  reduced,  heavier 
rails  were  laid,  and  new  bridges  built,  so  that  practically  some 
lines  were  almost  rebuilt.  The  process  is  still  going  on  and 
money  by  the  hundred  millions  is  involved  in  the  transforma- 
tion and  equipment  of  the  railroads.  Some  impression  of  the 
magnitude  of  the  change  in  equipment  may  be  gained  from  the 
single  fact,  that  one  of  the  leading  railroads  has  within  a  few 
years  expended  more  than  twenty  millions  of  dollars  for  new 
freight  cars  alone,  all  of  which  have  a  capacity  of  100,000  pounds. 

The  form  of  loading  for  bridges  almost  universally  speci- 
fied by  the  railroads  of  this  country  consists  of  two  con- 
solidation locomotives  followed  by  a  uniform  train  load. 
These  loads  are  frequently  chosen  somewhat  larger  than  those 
that  are  likely  to  be  actually  used  for  some  years  in  advance, 
but  sometimes  the  heaviest  type  of  locomotives  in  use  is  adopted 
as  the  standard  loading.  The  extent  to  which  the  specified 
loadings  have  changed  in  eight  years  may  be  seen  from  the  fol- 
lowing statement  based  on  statistics  compiled  by  Ward  Bald- 
win and  published  in  the  Railroad  Gazette  for  May  2,  1902. 

Of  the  railroads  whose  lengths  exceed  100  miles,  located  in 

the  United  States,  Canada,  and  Mexico,  only  2  out    of    77 

specified  uniform  train  loads  exceeding  4,000  pounds  per  linear 

oot  of  track  in  1893,  while  in  1901,  only  13  out  of  103  railroads 
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specified  similar  loads  less  than  4,000  pounds.  In  1893,  37 
railroads  specified  loads  of  3,000  pounds  and  29  of  4,000 
pounds,  while  in  1901,  4,000  pounds  was  specified  by  50, 
4,500  pounds  by  14,  and  5,000  pounds  by  17  railroads.  The 
maximum  uniform  load  rose  from  4,200  in  1893  to  6,600  pounds 
in  1 90 1. 

In  a  similar  manner  in  1893  only  1  railroad  in  75  specified 
a  load  on  each  driving  wheel  axle  exceeding  40,000  pounds, 
while  in  1901  only  13  railroads  out  of  92  specified  less  than  this 
load.  In  1893  only  21  of  the  77  railroads  specified  similar 
loads  exceeding  30,000  pounds.  The  maximum  load  on  each 
driving  wheel  axle  rose  from  44,000  pounds  in  1893  to  60,000 
pounds   in    1901. 

The  unusual  amount  of  new  bridge  construction  required 
caused  a  general  revision  of  the  standard  specifications  for 
bridges,  the  effect  of  which  was  to  include  the  results  of  recent 
studies  and  experiment,  and  to  eliminate  some  of  the  minor 
and  unessential  items  formerly  prescribed. 

Meanwhile  another  movement  was  in  progress.  Experi- 
ence having  shown  the  great  advantage  of  more  uniformity  in 
various  details  and  standards  relating  to  the  manufacture  of 
bridges  both  in  reducing  the  cost  and  the  time  required  for  the 
shop  work,  an  effort  was  begun  to  secure  more  uniformity  in 
the  requirements  for  the  production  and  tests  of  steel,  which 
is  the  metal  now  exclusively  employed  in  bridges. 

The  American  Section  of  the  International  Association  of 
Testing  Materials  is  bringing  together  through  its  investigations 
and  discussions  a  mass  of  selected  information  on  the  relations 
of  chemical  composition,  heat  treatment,  mechanical  work, 
etc.,  to  the  physical  properties  of  steel  as  well  as  of  other  metals 
used  in  structures  and  for  mechanical  purposes. 

The  thorough  digest  of  these  results  of  scientific  research  and 
practical  tests,  and  the  preparation  and  adoption  of  standard 
specifications  for  different  classes  of  material,  are  confidently 
expected  to  eliminate  many  old  requirements  which  are  proven 
inefficient  in  securing  the  results  for  which  they  were  originally 
intended,  and  to  incorporate  in  the  specifications  only  the 
essential  requirements  by  which  the  character  of  the  product 
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may  be  determined  with  sufficient  precision  for  its  actual  duty. 
By  making  these  requirements  reasonable  and  fair,  on  the  one 
hand  as  simple  and  definite  as  possible  without  impairing  their 
real  value,  and  on  the  other  hand  flexible  enough  to  avoid  im- 
posing undue  hardship  upon  the  manufacturer  who  keeps  in 
toiieh  with  the  best  methods  available,  the  result  is  confidently 
expected  to  be  a  high  degree  of  interested  cooperation  on  the 
part  of  both  engineer  and  manufacturer  in  securing  the  best 
grade  of  material  which  the  present  state  of  science  makes 
practicable. 

The  American  section  of  that  Association  in  1901  adopted 
a  series  of  proposed  standard  specifications,  one  of  which  re- 
lates to  steel  for  bridges  and  buildings  and  which  is  recom- 
mended for  adoption  by  those  who  buy  such  structures.  A 
committee  of  the  Railway  Engineering  and  Maintenance  of 
Way  Association  is  now  at  work  on  the  same  problem,  a  full 
agreement  having  not  yet  been  reached. 

With  greater  uniformity  in  the  physical,  chemical  and  other 
requirements  for  steel,  as  determined  by  standard  tests,  the 
unit  stresses  to  be  prescribed  for  the  design  of  bridges  will 
naturally  approach  to  a  corresponding  uniformity.  To  what 
extent  this  is  desirable  may  be  inferred  from  the  fact  that  the 
application  of  several  of  the  leading  specifications  to  the  design 
of  a  railroad  bridge  under  a  given  live  load  yields  results  which 
may  vary  by  an  amount  ranging  from  zero  to  twenty- f.ve 
per  cent,  of  the  total  weight. 

In  the  revision  of  specifications  a  decided  tendency  is  ob- 
served to  simplify  the  design  by  making  an  allowance  for 
impact,  vibration,  etc.,  by  adding  certain  percentages  to  the 
live  load  according  to  some  well-defined  system.  It  needs  but 
relatively  little  experience  in  making  comparative  designs 
of  bridges  under  the  same  loading,  to  show  the  advantage  of 
this  method  over  that  in  which  the  allowance  is  made  in  the 
unit  stresses  according  to  any  of  the  systems  usually  adopted 
in  such  a  case.  Not  only  are  the  necessary  computations 
greatly  simplified  but  the  same  degree  of  security  is  obtained 
in  every  detail  of  the  connections  as  in  the  principal  members 
which  compose  the  structure. 
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Experiments  on  a  large  scale  are  very  much  needed  to  deter- 
mine the  proper  percentage  of  the  live  load  to  be  allowed  for 
the  effect  of  impact,  so  as  to  secure  the  necessary  strength 
with  the  least  sacrifice  of  true  economy.  While  the  extreme 
economy  of  material  that  was  formerly  practised  is  not  now 
desirable,  since  stiffness  receives  due  consideration,  some  idea 
of  the  importance  of  such  an  investigation  may  be  gained  by 
considering  the  magnitude  of  the  industries  involved. 

In  March,  the  Railroad  Gazette  published  a  supplement  con- 
taining a  list  of  bridge  projects  under  consideration.  This  list 
was  intended  to  include  only  the  larger  steel  and  stone  struc- 
tures, whether  for  railroads  or  highways,  the  aim  being  to  ex- 
clude those  that  are  obviously  unimportant.  Besides  this, 
the  bridges  needed  on  1,500  new  railroad  projects  recorded  in 
the  same  supplement  are  likewise  excluded.  After  excluding 
both  of  these  classes  the  list  still  contains  about  1,300  new 
projects  for  bridges. 

An  investigation  might  also  be  advantageously  made  to 
determine  the  proper  ratio  of  the  thickness  of  cover  plates  in 
chord  members  which  are  subject  to  compression,  to  the  trans- 
verse distance  between  the  connecting  lines  of  rivets.  The 
same  need  exists  in  regard  to  the  stiffening  of  the  webs  of  plate 
girders,  concerning  which  there  is  a  wide  variation  in  the  re- 
quirements of  different  specifications. 

A  movement  which  has  done  much  good  during  the  past 
decade  and  promises  more  for  the  future  is  that  of  the  organ- 
ization of  bridge  departments  by  the  railroad  companies.  The 
great  economy  of  making  one  design  rather  than  to  ask  a  num- 
ber of  bridge  companies  to  make  an  equal  number  of  designs, 
of  which  all  but  one  are  wasted,  is  the  first  advantage;  but 
another  of  even  greater  significance  in  the  development  of 
bridge  construction  is  that  which  arises  from  the  designs  being 
made  by  those  who  observe  the  bridges  in  the  conditions  of 
service  and  who  will  naturally  devote  closer  study  to  every 
detail  than  is  possible  under  the  former  usual  conditions.  The 
larger  number  of  responsible  designers  also  leads  to  the  intro- 
duction of  more  new  details  to  be  submitted  to  the  test  of  ser- 
vice, which  will  indicate  those  worthy  of  adoption  in  later 
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designs.  In  order  to  save  time  and  labor  and  secure  greater 
uniformity  in  the  design  of  the  smaller  bridges,  some  of  the 
railroads  prepare  standard  plans  for  spans  varying  by  small 
distances.  For  the  most  important  structures  consulting 
bridge  engineers  are  more  frequently  employed  than  formerly, 
when  so  much  dependence  was  placed  upon  competitive  de- 
signs made  by  the  bridge  companies. 

An  investigation  was  recently  made  by  a  committee  of  the 
Railway  Engineering  and  Maintenance  of  Way  Association  in 
regard  to  the  present  practice  respecting  the  degree  of  com- 
pleteness of  the  plans  and  specifications  furnished  by  the  rail- 
roads. It  was  found  that  of  the  72  railroads  replying  definitely 
to  the  inquiry,  33  per  cent,  prepare  "plans  of  more  or  less  de- 
tail, but  sufficiently  full  and  precise  to  allow  the  bidder  to 
figure  the  weight  correctly  and  if  awarded  the  contract  to  at 
once  list  the  mill  orders  for  material";  18  per  cent,  prepare 
"general  outline  drawings  showing  the  composition  of  mem- 
bers, but  no  details  of  joints  and  connections";  while  49  per 
cent,  prepare  "full  specifications  with  survey  plan  only,  leav- 
ing the  bidder  to  submit  a  design  with  his  bid."  If,  however, 
the  comparison  be  made  on  the  basis  of  mileage  represented 
by  these  72  railroads,  the  corresponding  percentages  are  48,  24 
and  28,  respectively.  The  total  mileage  represented  was 
117,245  miles.  A  large  majority  of  the  engineers  and  bridge 
companies  that  responded  were  in  favor  of  making  detail  plans. 

The  shop  drawings  which  show  the  form  of  the  bridge,  the 
character  and  relations  of  all  its  parts,  give  the  section  and 
length  of  every  member,  and  the  size  and  position  of  every 
detail,  whether  it  be  a  reinforcing  plate,  a  pin,  a  bolt,  a  rivet  or 
a  lacing  bar.  All  dimensions  on  the  drawings  are  checked 
independently  so  as  to  avoid  any  chance  for  errors.  The  sys- 
tematic manner  in  which  the  drawings  are  made  and  checked 
and  the  thorough  organization  of  every  department  of  the 
shops,  makes  it  possible  to  manufacture  the  largest  bridge,  to 
ship  the  pieces  to  a  distant  site  and  find  on  erecting  the  struc- 
ure  in  place  that  all  the  parts  fit  together,  although  they  had 
not  been  assembled  at  the  works. 

The  constant  improvement  in  the  equipment  of  the  bridge 
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shops,  and  the  increasing  experience  of  the  manufacturers  who 
devote  their  entire  time  and  attention  to  the  study  of  better 
methods  for  transforming  plates,  bars,  shapes,  rivets,  and  pins 
into  bridges,  constitute  important  factors  in  the  development 
of  bridge  construction. 

As  the  length  of  span  for  the  different  classes  of  bridges 
gives  a  general  indication  of  the  progress  in  the  science  and  art 
of  bridge  building,  the  following  references  are  made  to  the 
longest  existing  span  for  each  class,  together  with  the  increase 
in  span  which  has  been  effected  approximately  during  the 
past  decade. 

In  plate-girder  bridges  the  girders,  as  their  name  implies, 
have  solid  webs  composed  of  steel  plates.  A  dozen  years  ago 
but  few  plate  girders  were  built  whose  span  exceeded  ioo  feet, 
the  maximum  span  being  but  a  few  feet  longer  than  this.  To- 
day such  large  girders  are  very  frequently  constructed,  and 
the  maximum  span  has  been  increased  to  126  feet  between 
centers  of  bearings.  This  is  the  span  of  the  large  plate  girders 
of  the  viaduct  on  the  Riverside  drive  in  New  York  City,  erected 
in  1900.  The  longest  railroad  plate  girder  was  erected  about 
the  same  time  on  the  Bradford  Division  of  the  Erie  Railroad, 
its  span  being  125  feet  2^  inches.  The  heaviest  plate  girder 
is  the  middle  one  of  a  four-track  bridge  on  the  New  York  Cen- 
tral Railroad  erected  last  year  near  Lyons,  N.  Y.  Its  weight 
is  103  tons,  its  span  107  feet  8  inches,  and  its  depth  out  to  out 
12  feet  2  inches. 

The  large  amount  of  new  construction  and  the  corresponding 
increase  in  the  weight  of  the  rolling  stock  have  combined  to 
secure  a  more  extensive  adoption  of  plate  girders  and  the 
designs  of  many  new  details  for  them.  These  affect  chiefly  the 
composition  of  the  flanges,  the  web  splices,  the  expansion 
bearings  and  the  solid  floor  system.  Although  solid  metal 
floors  built  up  of  special  shapes  were  first  introduced  into  this 
country  fifteen  years  ago,  their  general  adoption  has  taken 
place  largely  within  the  past  decade  on  account  of  their  special 
adaptation  to  the  requirements  of  the  elevation  of  tracks  in 
cities.     Solid  floors  may  not  only  be  made  much  shallower 

an  the  ordinary  open  type,  thereby  reducing  the  total  cost 
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of  the  track  elevation,  but  they  also  permit  the  ordinary  track 
construction  with  cross-ties  in  ballast  to  be  extended  across 
the  bridge,  thus  avoiding  the  jar  which  otherwise  results  as  the 
train  enters  and  leaves  the  bridge,  unless  the  track  is  main- 
tained with  extraordinary  care. 

The  necessity  for  bridges  of  greater  stiffness  under  the 
increased  live  loads  has  also  led  to  the  use  of  riveted  bridges 
for  considerably  longer  spans  than  were  in  use  six  or  seven 
years  ago.  The  use  of  pin-connected  trusses  for  spans  less 
than  about  150  feet  is  undesirable  for  railroad  bridges,  on 
account  of  the  excessive  vibration  due  to  the  large  ratio  of  the 
moving  load  to  the  dead    load,  or  weight  of  the  bridge  itself. 

While  riveted  bridges  are  now  quite  generally  used  for  spans 
from  100  to  150  feet,  they  have  been  employed  to  some  extent 
up  to  181^-  feet.  The  recent  forms  of  riveted  trusses  do  not, 
however,  conform  to  the  general  character  of  European  de- 
signs, but  embody  the  distinctively  American  feature  of  con- 
centrating the  material  into  fewer  members  of  substantial  con- 
struction. With  but  rare  exceptions  the  trusses  are  of  the 
Warren,  Pratt  and  Baltimore  types  with  single  systems  of 
webbing.  At  a  distance  where  the  riveted  connections  can- 
not be  distinguished,  the  larger  trusses  have  the  same  general 
appearance  as  the  corresponding  pin  bridges. 

The  recent  examples  of  viaduct  construction  with  their  stiff 
bracing  of  built-up  members  and  riveted  connections  exhibit 
a  marked  contrast  to  the  older  and  lighter  structures  with  their 
adjustable  bracing  composed  of  sley.der  rods.  The  viaduct 
which  carries  the  Chicago  and  Northwestern  Railroad  across 
the  valley  of  the  Des  Moines  river,  at  a  height  of  185  feet 
above  the  surface  of  the  river  is  2,658  feet  long.  It  was  built 
in  1901,  is  the  longest  double  track  viaduct  in  the  world,  pro- 
vided those  located  in  cities  be  excluded,  and  is  an  admirable 
type  of  the  best  modern  construction.  The  tower  spans  are  45 
feet  long  and  the  other  spans  are  75  feet  long.  Four  lines  of 
plate  girders  support  the  two  tracks.  Along  with  this  viaduct 
should  be  mentioned  the  Viaduct  Terminal  of  the  Chesapeake 
and  Ohio  Railway  at  Richmond,  Va.,  whose  length  including 
the  depot  branch  is  2.13  miles.     A  large  part  of  this  is  not  very 
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much  higher  than  an  elevated  railroad  in  cities.  The  excellent 
details  and  clean  lines  of  this  substantial  structure  give  it  a 
character  which  is  surpassed  neither  in  this  country  nor  abroad. 
It  may  be  added  that  the  highest  viaduct  in  this  country,  and 
which  was  rebuilt  in  1900,  is  located  seventeen  miles  from 
Bradford,  Pa.,  where  the  Erie  Railroad  crosses  the  Kinzua 
Creek  at  a  height  of  301  feet.     It  has  a  length  of  2,053  feet. 

While  the  elevated  railroads  which  have  been  built  recently 
also  embody  many  of  the  characteristics  of  the  best  viaduct 
construction,  special  study  has  been  given  to  improve  their 
esthetic  effect.  The  use  of  curved  brackets,  of  connecting 
plates  whose  edges  are  trimmed  into  curves  so  as  to  reduce  the 
number  of  sharp  angles,  and  of  rounded  corners  of  posts,  con- 
stitute some  of  the  means  employed.  The  results  are  seen  in 
the  structures  of  the  Boston  Elevated  Railroad  and  in  some 
of  the  latest  construction  in  Chicago. 

The  longest  span  of  any  simple  truss  in  America  is  that  of  the 
bridge  over  the  Ohio  river  at  Louisville,  erected  in  1893.  Its 
span  center  to  center  of  end  pins  is  546^  feet.  Since  that  time 
several  other  bridges  of  this  kind  have  been  built  which  are 
considerably  heavier,  although  their  spans  are  somewhat 
shorter.  The  most  noteworthy  of  these  are  the  Delaware 
River  bridge  on  the  Pennsylvania  Railroad  near  Philadelphia 
and  the  Monongahela  River  bridge  of  the  Union  Railroad  at 
Rankin,  Pa.,  both  of  which  are  double-track  bridges.  The 
Delaware  River  bridge  was  erected  in  1896,  each  one  of  its 
fixed  spans  having  a  length  of  533  feet  and  containing  2,094 
tons  of  steel.  The  Rankin  bridge  was  erected  in  1900.  Its 
longer  span  has  a  length  of  495  feet  8$  inches  between  centers 
of  end  pins  and  contains  about  2,800  tons  of  steel,  making  it 
the  heaviest  single  span  ever  erected.  It  may  also  be  added 
that  the  locomotive  and  train  load  for  which  this  bridge  was 
designed  is  the  heaviest  that  has  yet  been  specified. 

The  recent  changes  in  the  details  of  pin-connected  truss 
bridges  have  been  mainly  the  result  of  efforts  to  eliminate 
ambiguity  in  the  stresses  of  the  trusses,  to  reduce  the  effect  of 
secondary  stresses,  and  to  secure  increased  stiffness  as  well  as 
strength  in  the  structure.     Double  systems  of  webbing  have 
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been  practically  abandoned  so  far  as  new  construction  is  con- 
cerned. The  simplicity  of  truss  action  thus  secured  permits 
the  stresses  to  be  computed  with  greater  accuracy  and  thereby 
tends  to  economy.  Before  the  last  decade  very  few  through 
bridges  and  those  only  of  large  span  were  designed  with  end 
tioor  beams  in  order  to  make  the  superstructure  as  complete  as 
possible  in  itself  and  independent  of  the  masonry  supports. 
Xow  this  improved  feature  is  being  extended  to  bridges  of 
small  spans.  Similarly  dropping  the  ends  of  all  floor  beams 
in  through  bridges  so  as  to  clear  the  lower  chord  and  to  enable 
the  lower  lateral  system  to  be  connected  without  producing 
an  excessive  bending  moment  in  the  posts  has  likewise  been 
extended  to  the  smaller  spans  of  pin  bridges  and  is  now  the 
standard  practice.  The  expansion  bearings  have  been  made 
more  effective  by  the  use  of  larger  rollers,  and  of  bed  plates  so 
designed  as  to  properly  distribute  the  large  loads  upon  the 
masonry.  In  the  large  spans  of  through  bridges  the  top  chord 
is  curved  more  uniformly,  thereby  improving  the  esthetic 
appearance.  These  chords  are  also  given  full  pin  bearings, 
thus  reducing  the  secondary  stresses. 

The  stiffness  of  truss  bridges  has  been  secured  by  adopting 
stiff  bracing  in  the  lateral  systems  and  sway  bracing,  instead 
of  the  light  adjustable  rods  formerly  used.  At  the  same  time 
adjustable  counter  ties  in  the  trusses  are  being  replaced  in  re- 
cent years  by  stiff  ones,  while  in  some  cases  the  counters  are 
omitted  and  the  main  diagonals  designed  to  take  both  tension 
and  compression. 

Some  of  the  same  influences  referred  to  above  have  led  to 
much  simpler  designs  for  the  portal  bracing  by  using  a  few 
members  of  adequate  strength  and  stiffness  similar  in  general 
character  to  those  of  the  trusses. 

Such  steady  progress  in  the  design  and  construction  of  rail- 
road bridges  of  moderate  span  has,  unfortunately,  no  adequate 
counterpart  in  highway  bridges.  The  conditions  under  which 
highway  bridges  are  purchased  by  township  and  county  com- 
missioners are  decidedly  unfavorable  to  material  improve- 
ments in  the  character  of  their  details.  It  is  a  comparatively 
rare  occurrence  that  the  commissioners  employ  a  bridge  en- 
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gineer  to  look  after  the  interests  of  the  taxpayers  by  providing 
suitable  specifications,  making  the  design,  inspecting  the 
material,  and  examining  the  construction  of  the  bridge  to  see 
that  it  conforms  to  all  the  imposed  requirements.  These  pro- 
visions are  only  made  in  some  of  the  cities,  and  accordingly  one 
must  examine  the  new  bridges  in  cities  to  learn  what  progress 
is  making  in  highway  bridge  building. 

The  lack  of  proper  supervision  in  the  rural  districts  and  many 
of  the  smaller  cities  results  in  the  continued  use  of  short  trusses 
with  slender  members  built  up  of  thin  plates  and  shapes,  whose 
comparatively  light  weight  causes  excessive  vibration  and  con- 
sequent wear,  as  well  as  deterioration  from  rust.  Under  better 
administration  plate  girders  would  be  substituted  for  such 
light  trusses,  making  both  a  stiff er  structure  and  one  more 
easily  protected  by  paint.  The  general  lack  of  inspection  and 
the  consequent  failure  to  protect  highway  bridges  by  regular 
repainting  will  materially  shorten  their  life  and  thereby 
increase  the  financial  burden  to  replace  them  by  new  struc- 
tures. Some  progress  has  been  made  in  adopting  riveted 
trusses  for  the  shorter  spans  for  which  pin-connected  trusses 
were  formerly  used,  but  the  extent  of  this  change  is  by  no 
means  as  extensive  as  it  should  be,  nor  equal  to  the  corre- 
sponding advance  in  railroad  bridges. 

The  channel  span  of  the  cantilever  bridge  over  the  Mis- 
sissippi River  at  Memphis,  Tenn.,  is  the  longest  one  of  any 
bridge  of  this  class  in  America.  It  measures  790-i  feet  between 
centers  of  supports.  This  bridge  was  finished  in  1892, 
or  only  two  years  after  the  close  of  the  seven-year  period 
of  construction  and  erection  of  the  mammoth  cantilever 
bridge  over  the  Firth  of  Forth  in  Scotland.  A  number  of 
cantilever  bridges  have  been  built  since  then,  but  most  of 
tnem  have  comparatively  short  spans.  There  is  one  now 
under  construction  over  the  Monongahela  River  in  Pitts- 
burg, and  which  is  expected  to  be  finished  this  year,  whose 
span  is  to  be  a  little  longer  than  that  of  the  Memphis  bridge. 
It  is  on  the  new  extension  of  the  Wabash  Railroad  system 
and  the  distance  between  pier  centers  is  812  feet. 

But  there  is  another  one  being  built  which  will  not  only 
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have  a  longer  span  than  any  other  cantilever  bridge  in  this 
country,  but  longer  than  that  of  any  other  bridge  whatso- 
ever. It  is  located  near  Quebec,  Canada,  and  its  channel 
span  over  the  Saint  Lawrence  River  is  to  have  the  unpre- 
cedented length  of  1,800  feet  or  nearly  a  hundred  feet  longer 
than  that  of  the  Forth  cantilever  bridge  and  two  hundred 
feet  longer  than  the  Brooklyn  suspension  bridge.  The 
towers  will  have  a  height  of  360  feet  above  high  tide.  It 
will  accommodate  a  double-track  railroad,  besides  two  elec- 
tric railway  tracks  and  highways.  In  the  piers  the  courses 
of  masonry  are  four  feet  high  and  individual  stones  weigh 
about  fifteen  tons  each.  The  character  of  its  design  and 
the  simplicity  of  its  details  will  permit  its  construction  with 
unusual  rapidity  and  economy  for  a  bridge  of  this  magni- 
tude. Several  other  cantilever  structures  whose  largest 
spans  range  from  600  to  671  feet  are  either  now  or  soon 
will  be  under  construction. 

The  Brooklyn  bridge,  completed  in  1883,  is  still  the 
largest  suspension  bridge  in  the  world,  its  span  being  1,595^ 
feet.  More  people  cross  this  bridge  than  any  other  in  any 
country.  The  New  East  River  bridge,  which  is  now  being 
built,  has  a  span  of  1,600  feet,  and  its  capacity  will  be  very 
much  greater  than  that  of  the  Brooklyn  bridge.  Each 
of  its  four  cables  has  a  safe  strength  of  over  10,000,000 
pounds  in  tension. 

One  of  the  most  interesting  developments  relating  to  the 
subject  under  consideration  is  the  construction  of  a  con- 
siderable number  of  metallic  arch  bridges  in  recent  years 
and  the  promise  of  their  still  greater  use  in  the  future.  On 
account  of  their  form  they  constitute  one  of  the  handsomest 
classes  of  bridges. 

The  first  important  steel  bridge  in  the  world  was  com- 
pleted in  1874.  It  is  the  arch  bridge  which  in  three  spans 
crosses  the  Mississippi  River  at  St.  Louis.  Its  arches  are 
without  hinges  and  their  ends  are  firmly  fixed  to  the  piers. 
This  is  one  of  the  most  famous  bridges  in  existence.  For 
a  long  time  after  its  construction  no  metallic  arches  were 
ted  in  this  country,   although  many  were  built  in   Eu- 
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rope.  In  1888,  however,  the  highway  bridge  across  the 
Mississippi  River  at  Minneapolis  was  erected,  consisting  of 
two  spans  of  456  feet  each  and  which  still  remains  the  longest 
span  of  any  three-hinged  arch.  The  following  year  the 
Washington  bridge  over  the  Harlem  River  in  Xew  York 
City  was  completed.  It  consists  of  two  spans  of  510  feet 
in  the  clear  and  has  the  largest  two-hinged  arch  ribs  with 
solid  web  plates. 

These  were  followed  by  a  number  of  arches  of  various  types, 
the  most  noted  of  which  are  the  two  arch  br  dges  over  the 
Niagara  River.  The  first  one  is  a  spandrel-braced,  two- 
hinged  arch  with  a  span  of  550  feet  and  replaced  the  Roebling 
suspension  bridge  in  1897  It  accommodates  the  two 
tracks  of  the  Grand  Trunk  Railroad  on  the  upper  deck  and 
a  highway  on  the  lower  deck.  The  other  bridge  has  arched 
trusses  with  parallel  chords  and  two  hinges.  It  replaced 
the  Niagara  and  Clifton  highway  suspension  bridge  in  1898, 
and  as  its  span  is  840  feet,  it  is  the  largest  arch  of  any  type 
in  the  world.  The  manner  in  which  this  arch  was  erected 
furnishes  an  illustration  of  the  effort  which  is  made  by  engi- 
neers to  conform  the  actual  conditions  so  far  as  possible 
to  the  theoretic  ones  involved  in  the  computation  of  the 
stresses.  Since  the  stresses  in  an  arch  having  less  than 
three  hinges  are  statically  indeterminate,  stresses  of  con- 
siderable magnitude  may  be  introduced  into  the  trusses  if 
the  workmanship  be  imperfect,  the  supports  not  located 
with  sufficient  precision,  and  the  arch  closed  without  the 
proper  means  and  care. 

The  Niagara  and  Clifton  arch  was  first  closed  as  a  three- 
hinged  arch  and  then  transformed  into  a  two-hinged  arch 
by  inserting  the  final  member  under  the  sum  of  the  com- 
puted stress  due  to  the  weight  of  the  truss,  and  that  due 
to  the  difference  between  the  temperature  at  which  the  clos- 
ure was  made  and  that  assumed  as  standard  in  the  stress 
computations.  This  stress  was  secured  in  the  member 
by  inserting  it  when  the  hydraulic  jack  which  forced  apart 
the  adjacent  ends  of  the  shortened  chords  registered  the 
required   amount  of  pressure.     The   arch  had  been   erected 
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as  a'pair  of  cantilevers  from  each  side  extending  420  feet 
out  beyond  the  supports,  and  when  the  closure  was  made 
the  two  arms  came  together  within  a  quarter  of  an  inch 
of  the  computed  value.  Such  a  result  involving  the  "accu- 
racy of  the  calculation  and  design  of  the  entire  steel  work, 
the  exactness  with  which  the  bearing  shoes  or  skewbacks 
were  placed,  and  the  perfection  of  the  shopwork"  has  been 
truly  characterized  as  phenomenal.*  In  order  to  reduce 
secondary  stresses  to  a  minimum  the  members  were  bolted 
up  during  the  cantilever  erection  and  the  bolts  replaced 
by  rivets  after  the  closure  of  the  arch  rib. 

The  past  decade  witnessed  the  introduction  and  extensive 
development  of  arches  of  concrete  and  of  concrete-steel 
construction.  In  the  latter  kind  a  small  amount  of  steel 
is  imbedded  in  the  concrete  in  order  to  resist  any  tensile 
stresses  that  may  be  developed.  During  this  period  more 
than  150  concrete  steel  bridges  have  been  built  in  this  coun- 
trv.  In  the  same  year  in  which  the  largest  metallic  arch  was 
completed,  the  five  concrete-steel  arches  of  the  bridge  at 
Topeka,  Kansas,  were  finished.  The  largest  one  has  a 
span  of  125  feet  and  still  remains  the  largest  span  of  this 
type  in  America,  although  it  has  been  exceeded  in  Europe. 
Considerably  larger  spans  are  to  be  built  this  season,  while 
others  are  included  in  the  accepted  design  for  the  proposed 
Memorial  bridge  at  Washington. 

It  is  the  smaller  steel  structures  which  are  destined  more 
and  more  to  be  replaced  by  arches  of  this  material.  The 
steel  bridges  require  repainting  at  frequent  intervals,  con- 
stant inspection,  occasional  repairs  and  finally  replacing 
by  a  new  structure  after  a  relatively  short  life,  on  account 
of  rust  and  wear,  unless  it  is  required  even  sooner  on  ac- 
count of  a  considerable  increase  in  the  live  load.  The  con- 
crete arch  requires  practically  no  attention  except  at  very 
long  intervals. 

The  safety  of  operating  the  traffic  makes  it  desirable  to  have 
as  few  breaks  as  possible  in  the  regular  track  construction  of  a 
railroad,  and  this  constitutes  an  additional  reason  why  con- 
*Engineei  ws,  August  4,  1898. 
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crete  or  stone  arches  are  being  substituted  for  the  smalleropen- 
ings.  The  decreasing  cost  of  concrete  tends  to  an  extension  of 
this  practice  to  openings  of  increasing  size.  Last  year,  how- 
ever, a  bridge  was  completed  which  marks  a  decided  departure 
from  previous  practice.  The  Pennsylvania  Railroad  built  a 
stone  bridge,  consisting  of  48  segmental  arches  of  70  feet  span, 
at  the  crossing  of  the  Susquehanna  River  at  Rockville,  Pa. 
It  is  52  feet  wide,  accommodates  four  tracks,  and  cost  a  million 
dollars.  This  bridge  has  not  only  the  advantage  of  almost 
entirely  eliminating  the  cost  of  maintenance,  but  it  also  has 
sufficient  mass  to  withstand  the  floods  which  occasionally 
wreck  the  other  bridges  on  that  river.  This  year  the  same 
railroad  is  building  a  similar  bridge  over  the  Raritan  River  at 
New  Brunswick,  X.  J. 

Of  movable  bridges  the  largest  swing  span  existing  was 
erected  in  1893  at  Omaha  over  the  Missouri  River,  its  length 
being  520  feet.  Two  years  later  a  four-track  railroad  swing 
bridge  was  built  by  the  New  York  Central  Railroad  over 
the  Harlem  River  in  New  York  city,  which  is  only  389  feet 
long  between  centers  of  end  pins,  but  which  wreighs  about 
2,500  tons  and  is  accordingly  the  heaviest  drawbridge  of  any 
class  in  the  world. 

During  the  past  decade  a  remarkable  development  was  made 
in  drawbridge  construction  by  the  modification  and  improve- 
ment of  some  of  the  older  types  of  lift  bridges  and  the  design 
of  several  new  types.  At  South  Halstead  Street  a  direct-lift 
bridge  was  built  in  1893  over  the  Chicago  River,  in  which  a 
simple  span  130  feet  long  and  50  feet  wide  is  lifted  vertically 
142,}  feet  by  means  of  cables  to  which  counterweights  are 
attached.  Formerly,  only  very  small  bridges  of  this  kind  were 
used,  as  those,  for  instance,  over  the  Erie  Canal. 

In  1895  a  rolling  lift  bridge  over  the  Chicago  River  was  com- 
pleted. In  this  new  design  as  each  leaf  of  the  bridge  rotates 
to  a  vertical  position  it  rolls  backward  at  one  end.  When 
closed  the  two  leaves  are  locked  at  the  center,  but  they  are 
supported  as  cantilevers.  This  form  has  been  found  to  have 
so  many  advantages  for  the  crossings  of  relatively  narrow 
streams,  where  an  unobstructed  water  way  is  required  and  the 
adjacent  shores  are  needed  for  dock  room,  that  a  score  of  im- 
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portant  structures  of  this  class  have  been  built  in  different 
cities.  The  largest  span  that  has  been  designed  is  275  feet  be- 
tween centers  of  supports,  while  the  widest  one  is  to  accom- 
modate eight  railroad  tracks  crossing  the  Chicago  Main  Drain- 
age Canal. 

About  the  same  time  and  under  similar  conditions  another 
type  of  bascule  bridge  was  built  at  Sixteenth  Street,  Milwaukee, 
in  which,  as  each  leaf  moves  toward  the  shore,  one  end  rises 
and^the  other  falls,  so  that  its  center  of  gravity  moves  hori- 
zontally, thus  requiring  a  very  small  expenditure  of  power  to 
operate  the  bridge. 

Several  improved  forms  of  hinged-lift  bridges  have  also  been 
designed  and  built  in  Chicago  and  elsewhere.  In  a  small 
bridge  erected  in  1896  on  the  Erie  Railroad  in  the  Hackensack 
meadows  there  is  only  a  single  leaf  hinged  at  one  end  and  lifted 
by  a  cable  attached  to  the  other  end.  The  counterweight  rolls 
on  a  curved  track  so  designed  as  to  make  the  counter  balance 
equally  effective  in  all  stages  of  opening  or  closing  the  bridge. 

A  novel  bridge  is  now  being  built  over  the  ship  canal  at 
Duluth  which  is  different  from  any  other  type  in  this  country. 
The  general  scheme  is  similar  to  that  of  a  design  made  by  a 
French  engineer  who  built  three  of  the  structures  in  different 
countries.  It  consists  of  a  simple  truss  bridge  393  feet  9  inches 
long,  supported  on  towers  at  a  clear  height  of  135  feet  above 
high  water.  Instead  of  supporting  the  usual  floor  of  a  highway 
bridge  it  supports  the  track  of  a  suspended  car  which  is  prop- 
erly stiffened  against  wind  pressure  and  lateral  vibration,  the 
floor  of  the  car  being  on  a  level  with  the  docks.  This  ferry 
is  operated  by  electricity.  The  loaded  car,  its  hangers,  trucks 
and  machinery  weigh  120  tons.  In  the  French  design  a  sus- 
pension bridge  was  used  instead  of  the  simple  truss  bridge. 

A  bridge  is  being  built  across  the  Charles  River  between 
Boston  and  Cambridge  that  deserves  especial  mention  and 
marks  a  decided  advance  in  the  growing  recognition  on  the 
part  of  municipal  authorities  of  the  importance  of  esthetic 
considerations  in  the  design  of  public  works.  It  consists  of  11 
spans  of  steel  arches  whose  lengths  range  from  101^  to  i88£ 
feet.     Its  width  is  105  feet  between  railings.     It  is  claimed 
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that  this  bridge  "will  lie  not  only  one  of  the  finest  structures 
of  its  kind  in  this  country,  but  will  be  a  rival  of  any  in  the  old 

world."     Its  length  between  abutments  is  1,767+  feet,  and  it  is 
estimated  to  cost  about  two  and  a  half  millions  of  dollars. 

The  problems  incident  to  the  replacing  and  strengthening  of 
old  bridges  frequently  tax  the  resources  of  the  engineer  and 
demonstrate  his  ability  to  overcome  difficulties.  Only  a  few 
examples  will  be  cited  to  indicate  the  character  of  this  work.  In 
1900  the  Niagara  cantilever  bridge  had  its  capacity  increased 
about'  75  per  cent,  by  the  insertion  of  a  middle  truss  without 
interfering  with  traffic.  In  1897  the  entire  floor  of  the  Cin- 
cinnati and  Covington  suspension  bridge  was  raised  four  feet 
while  the  traffic  was  using  it.  It  may  be  of  interest  to  state 
that  the  two  new  cables,  io|  inches  in  diameter,  which  were 
added  to  increase  the  capacity  of  the  bridge,  have  just  about 
three  times  the  strength  of  the  two  old  ones,  1 2^  inches  in  diam- 
eter, and  which  were  made  a  little  over  thirty  years  before. 
In  the  same  year  the  old  tubular  bridge  across  the  Saint  Law- 
rence River  was  replaced  by  simple  truss  spans  without  the 
use  of  false  works  under  the  bridge  and  without  interfering 
with  traffic.  On  May  25  of  this  year  the  Pennsylvania  Rail- 
road bridge  over  the  Raritan  River  and  canal  at  Xew  Bruns- 
wick, N.  J.,  wras  moved  sidewise  a  distance  of  14^  feet.  Five 
simple  spans  1 50  feet  long  and  a  drawbridge  of  the  same  length, 
weighing  in  all  2,057  tons,  were  moved  to  the  new  position  and 
aligned  in  2  minutes  and  50  seconds.  The  actual  time  that 
the  two  tracks  were  out  of  service  were  respectively  15  and  28 
minutes.  On  October  17,  1897,  on  the  same  railroad  near 
Girard  Avenue,  Philadelphia,  an  old  span  was  moved  away 
and  a  new  one,  235  feet  7  inches  long,  put  in  exactly  the  same 
place  in  2  minutes  and  28  seconds.  Xo  train  wTas  delayed  in 
either  case. 
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THE    TRAINING    AND    WORK    OF    A     GEOLOGIST. 


Geology  is  a  dynamic  science,  subject  to  the  laws  of  energy. 
Geology  treats  of  a  world  alive,  instead  of,  as  commonly  sup- 
posed, a  world  finished  and  dead.  The  atmosphere,  or 
sphere  of  air,  is  ever  unquiet;  the  hydrosphere,  or  sphere 
of  water,  is  less  active,  but  still  very  mobile;  the  lithosphere 
or  sphere  of  rock,  has  everywhere  continuous  although 
slow  motions.  The  motions  of  the  atmosphere,  the  hydro- 
sphere, and  the  lithosphere  alike  include  motions  by 
which  the  positions  of  large  masses  of  material  are  changed, 
and  internal  motions,  through  which  the  mineral  particles 
are  constantly  rearranged  with  reference  one  to  another, 
and  indeed  are  constantly  remade.  Furthermore,  the  mole- 
cules and  even  the  atoms  which  compose  the  atmosphere, 
hydrosphere,  and  lithosphere  have  motions  of  marvelous  in- 
tricacy and  speed.  These  motions  of  the  atmosphere, 
the  hydrosphere,  and  the  lithosphere  are  all  superimposed 
upon  the  astronomical  motions — the  wobbling  revolution 
of  the  earth  about  its  axis,  the  revolution  of  the  earth-moon 
couple  about  their  common  center  of  gravity,  the  movement 
of  this  couple  about  the  sun  at  the  rate  of  68,000  miles 
per  hour,  the  movement  of  the  solar  system  among  other 
systems.  If  ir  were  possible  for  one  to  fix  in  space  co-ordi- 
nates by  which  to  measure  these  various  motions,  the  move- 
ment of  an  air  particle,  of  a  water  drop,  of  a  mineral  grain, 
would  be  seen  to  be  extraordinarilv  complex. 
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It  is  clear  that  there  is  every  reason  to  believe  that  no 
m  or  molecule  in  the  world  ever  occupies  |  the  same 
absolute  position  in  space  at  any  two  successive  moments. 
Indeed,  it  must  have  been  an  extraordinary  accident,  if  a 
single  particle  has  occupied  in  all  the  history  of  the  universe 
exactly  the  same  position  that  it  has  occupied  at  any  pre- 
vious time.  Xo  such  thing  as  rest  for  any  particle]  of 
matter  anywhere  in  the  earth  or  in  the  universe  is  known. 
<  in  the  contrarv,  everywhere  all  particles  are  moving  in  vari- 
ous ways  with  amazing  speed. 

Xo  science  is  independent  of  other  sciences,  but  geology 
is  peculiar  in  that  it  is  based  upon  so  many  other  sciences. 
Astronomy  is  built  upon  mathematics  and  physics.  Chem- 
istry and  physics  to  a  considerable  degree  are  built  upon  each 
other.  Physics  also  requires  mathematics.  Biology  de- 
mands a  limited  knowledge  of  physics  and  chemistry. 
However,  it  cannot  be  said  that  a  knowledge  of  the  basal 
principles  of  more  than  one,  or  at  most  two,  other  sci- 
ences is  an  absolute  prerequisite  for  a  successful  pursuit  of 
astronomy,  chemistry,  physics  or  biology.  This  is  not 
true  of  geology.  In  order  to  go  far  in  general  geology  one 
must  have  a  fair  knowledge  of  physics,  chemistry,  mineralogy 
and  biology.  These  may  be  called  the  basal  sciences  of 
geology.  Certain  lines  of  geology  the  additional  sciences, 
mathematics,  astronomy  and  metallurgy,  are  very  desirable. 

Geologv  treats  of  the  world.  In  order  to  have  more  than 
a  superficial  knowledge  of  geology,  it  is  necessary  to  know 
about  the  elements  which  compose  the  world,  how  force 
acts  upon  these  elements,  what  aggregates  are  formed 
by  the  elements  and  forces,  and  how  life  has  modified 
the  construction  of  the  world.  Chemistry  teaches  of  mat- 
ter; how  it  is  made  up,  both  in  life  and  in  death.  Without 
an  understanding  of  its  principles  we  cannot  have  an  in- 
sight into  the  constitution  of  the  earth  or  of  any  part  of  it. 
Physics  teaches  of  the  manner  in  which  the  many  forms  of 
that  strange  something  we  call  force  acts  upon  matter. 
Without  a  knowledge  of  its  principles  we  can  never  under- 
1    the    transformation    through    which    the    world    has 
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gone.  The  elements  which  compose  the  earth  are  combined 
under  the  laws  of  physics  and  chemistry  into  those  almost 
lifelike  bodies  which  we  call  minerals.  The  minerals  are 
commingled  in  various  ways  in  the  rocks.  Without  a 
knowledge  of  mineralogy  no  one  can  have  even  a  superficial 
understanding  of  the  constitution  of  rock  masses.  Biology 
teaches  of  the  substances  alive  upon  the  earth.  Life  is 
one  of  the  most  fundamental  of  the  factors  controlling 
the  geological  transformations  within  the  superficial  belt 
of  weathering;  it  has  acted  as  the  greatest  precipitating 
agent  in  the  sea.  Life  has  had,  therefore,  a  profound  and 
far-reaching  effect  in  determining  the  nature  of  the 
sedimentary  formations. 

The  sciences  of  chemistry,  physics,  and  biology  have  been 
built  up  by  a  study  of  a  minute  portion  of  the  world.  If 
geology  or  a  science  of  the  earth,  is  to  be  constructed, 
it  must  apply  to  the  earth  as  a  whole  the  principles  which 
have  so  enlightened  us  as  to  the  nature  and  relations  of 
the  fractions  of  the  world  which  we  observe  and  handle  in 
our  laboratories  of  physics,  chemistry,  and  biology. 

It  thus  appears  that  geology  is  a  composite  science.  It 
might  in  a  certain  sense  be  called  an  applied  science.  In- 
deed I  have  often  defined  geology  as  the  application  of 
the  principles  of  astronomy,  of  physics,  of  chemistry,  of 
mineralogy,  and  of  biology  to  the  earth. 

Certainly  the  earth  is  the  single  enormous  complex 
aggregate  of  matter  directly  within  the  reach  of  man. 
This  highly  composite  earth  is  the  joint  result  of  astronomical, 
physical,  chemical,  and  biological  forces,  working  upon 
matter  on  an  incomparably  vaster  scale  than  can  ever  be 
imitated  in  our  laboratories.  A  study  of  these  stupendous 
results  has  already  advanced  at  many  points  astronomy, 
physics,  chemistry,  and  biology;  and  future  studies  made 
with  direct  reference  to  the  causes  which  have  produced 
this  wonderful  earth  are  sure  to  lead  to  even  greater  advances 
in  these  sciences. 

If  geology  is  to  become  a  genetic  science,  or,  more  simoly 
is  to  become  a  science  under  the  laws  of  ene-gv.  geology  in 
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large  measure  must  become  aquantitative  science.  In  the 
past  it  has  been  too  frequently  true  that  because  a  single 
force  or  agent  working  in  a  certain  direction  is  a  real  cause 
of  a  phenomenon,  the  conclusion  is  drawn  that  it  is  a 
sufficient  cause.  Only  occasionally  has  the  question  been 
asked,  "Is  this  real  cause  an  adequate  cause?"  Very 
often  differences  of  opinion  have  arisen  between  ge- 
ologists, one  holding  that  this  cause  is  the  one  which 
explains  the  phenomenon,  another  holding  that  that  is 
the  explanation,  and  each  insisting  that  the  other  is  wrong. 
In  such  cases  very  rarely  is  the  question  asked  whether  the 
explanations  offered  are  contradictory  or  complementary. 
In  many  cases  the  explanation  is  not  to  be  found  in  one 
cause,  but  in  several  or  many,  and  thus  frequently  the  con- 
clusions which  have  been  interpreted  to  be  contradictory 
are  really  supplementary.  To  illustrate:  but  few  writers 
have  assigned  more  than  a  single  cause  for  crustal  shorten- 
ing. One  has  held  that  secular  cooling  is  the  cause ;  another 
has  given  a  different  cause,  and  has  held  that  secular  cooling 
is  of  little  consequence.  But  it  is  certain  that  secular  cool- 
ing, vulcanism,  change  of  oblateness  of  the  earth,  change 
of  pressure  within  the  earth,  changes  of  form  of  the  material 
of  the  earth,  and  various  other  causes,  are  not  exclusive  of 
one  another,  but  are  all  supplementary.  The  ability  to 
perceive  the  supplementary  nature  of  various  explanations 
offered  for  a  phenomenon  is  one  of  the  most  marked,  perhaps 
the  most  marked,  of  the  characteristics  of  the  superior  man. 
The  new  geology  must  not  only  ascertain  all  of  the  real 
causes  for  crustal  shortening,  and  other  phenomena,  but  in 
order  satisfactorily  to  solve  the  problems  of  geology  it  must 
determine  the  quantitative  importance  of  each.  Geology 
within  the  next  few  years  is  certain  to  largely  pass  to  a 
quantitative  basis. 

If  I  have  correctly  stated  the  relations  of  geology  to  the 
other  sciences,  it  follows  as  a  corollary  that  those  only  can 
greatly  advance  the  principles  of  geology  who  have  a  working 
knowledge  of  two  or  more  of  the  sciences  upon  which  it  is 
based. 
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By  a  working  knowledge  of  a  science  I  mean  such  a  know- 
ledge of  its  principles  as  makes  them  living  truths.  One  must 
not  only  be  able  to  comprehend  the  principles,  but  he  must 
see  them  in  relation  to  one  another;  must  be  able  to  apply 
them.  It  is  not  sufficient  for  a  carpenter  to  be  able  to  ex- 
plain how  the  hammer  and  saw  and  plane  and  chisel  work; 
he  must  be  able  to  use  them.  He  must  be  able  to  hit  the 
nail  on  the  head,  to  cut  straight,  to  plane  smooth,  to  chisel 
true,  and  to  do  all  upon  the  same  piece  of  timber  so  as  to  adapt 
it  to  a  definite  purpose  in  a  building.  Just  so  the  geologist 
must  be  able  to  apply  as  tools  the  various  principles  of 
physics  and  chemistry  and  biology  and  mineralogy  to  the 
piece  of  work  upon  which  he  is  engaged;  and  thus  shape 
his  piece  to  its  place  in  the  great  structure  of  geological 
science.  This  is  what  is  meant  by  a  working  knowledge  of 
the  sciences  basal  to  geology. 

It  is  not  supposed  that  any  one  man  has  a  comprehensive 
knowledge  of  all  the  basal  sciences,  or  even  a  working  know- 
ledge of  their  principles;  but  such  knowledge  he  must  have 
of  two  or  more  of  them  if  he  hopes  to  advance  the  princi- 
ples of  geology.  He  will  be  able  to  handle  those  branches 
of  his  subject  with  which  he  deals  in  proportion  as  he  has 
a  working  knowledge  of  the  basal  sciences  upon  which  his 
special  branch  is  based,  and  will  probably  correlate  this 
branch  with  the  other  branches  of  the  great  subject  of  geology 
in  proportion  as  his  working  knowledge  of  the  basal  sciences 
is  extensive.  '\ 

For  instance,  to  advance  geological  paleontology  one  must 
have  a  working  knowledge  of  the  principles  of  biology  and 
of  stratigraphy.  To  advance  any  of  the  lines  of  physical 
geology,  one  must  have  a  working  knowledge  of  the  princi- 
ples of  physics,  and  especially  of  elementary  mechanics. 
To  advance  physiography  one  must  have  a  working  know- 
ledge of  physics  and  chemistry.  To  advance  knowledge  of 
the  early  history  of  the  earth,  one  must  not  only  have 
a  working  knowledge  of  physics  and  chemistry,  but  of  as- 
tronomy. To  advance  petrology,  one  must  have  a  working 
knowledge  of  physics,   chemistry  and  mineralogy.     To   ad- 


404  SECTION    E. 

vance  the  theory  of  ore  deposition  or  metamorphism,  one 
must  know  not  only  the  principles  of  physical  geology,  with 
all  which  that  implies,  but  he  must  have  a  working  knowledge 
of  chemistry,  physics,  mineralogy,  and  petrology.  It  is  un- 
necessary to  add  that  a  geologist  must  be  able  to  read  some 
of  the  modern  languages,  and  be  able  to  express  himself 
clearly  and  logically  in  one  language. 

Considering  the  breadth  and  thoroughness  of  the  neces- 
sary preliminary  training  for  the  sucessful  pursuit  of  geology, 
one  might  anticipate  that  geology  would  suffer  but  little  from 
pseudo-scie.itists.  But  this  anticipation  is  based  .upon  the 
idea  that  no  one  attempts  geological  work,  and  especially 
to  write  geological  papers,  until  he  is  prepared  to  do  so.  All 
scienceshavetheircranks.  Many  a  little  town  has  "its  philoso- 
pher" who  believes  that  all  of  the  principles  of  astronomy,  of 
physics,  of  chemistry,  which  have  been  discovered  by  the 
great  men  of  the  past  are  absolutely  erroneous,  and  who 
makes  a  new  start  upon  the  construction  of  the  world, 
building  in  his  brain  strange  vagaries  which  have  no  rela- 
tion to  the  facts  of  the  universe.  While  there  are  tempta- 
tations  to  pseudo-scientific  work  in  all  sciences,  the  tempta- 
tion is  nowhere  so  great  as  in  geology.  The  planets,  sun,  and 
stars  are  far  off;  the  elements  are  elusive;  to  do  anything 
with  force  one  must  have  at  least  seen  the  inside  of  a 
physical  labaratory;  the  manner  of  the  transformations 
of  living  forms  is  not  obvious,  or  even  apparently  so,  and 
few  write  about  the  constitution  of  plants  and  animals 
who  have  not  closely  studied  them.  But  one  is  born  upon 
the  earth;  he  lives  upon  the  earth;  he  sees  the  surrounding 
hills  and  valleys.  The  dullest  sees  something  of  the  trans- 
formations going  on.  Many  naturally  become  interested 
in  the  phenomena  of  the  earth,  and  without  preparation 
think  that  they  are  able  to  make  important  contributions 
to  the  science  of  geology.  Thus  not  only  in  every  city,  but 
in  many  villages,  is  a  geologist  of  local  repute  who  has  ready 
explanations  for  the  order  of  the  world. 

Geology  starts  as  an  easy  observational  study,  and  gradually 
becomes  more  and  more  complex  until  it  taxes  the  master  mind 
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to  the  utmost.  This  easy  start  leads  to  the  multitude  of  local 
geologists,  but  geology  suffers  comparatively  little  from  them. 
The  real  injury  which  the  science  receives  is  from  some  of  those 
who  call  themselves  professional  geologists,  are  teachers  of 
geology  in  academies  and  colleges,  or  are  even  members  of 
the  staff  of  official  surveys.  These  men  have  gone  further 
than  the  local  geologist ;  but  perhaps  they  have  been  led  into 
geology  for  somewhat  the  same  reason,  by  its  easy  start  as 
an  observational  science.  A  man  may  begin  his  career  as  a 
geologist  by  making  a  few  observations  here  and  there  and 
giving  a  guess  as  to  their  meaning.  With  this  beginning  he 
becomes  more- and  more  interested,  until  finally  he  decides  to 
make  geology  his  profession. 

In  some  cases  following  this  decision  the  necessity  is  seen  for 
obtaining  a  working  knowledge  of  the  basal  sciences.  But  too 
often  men  who  have  entered  upon  geological  work  have  re- 
ceived no  adequate  training  in  chemistry,  in  physics,  in  biology, 
and  therefore  at  the  outset  wholly  lack  the  tools  to  successfully 
handle  the  phenomena  which  they  observe.  Such  in- 
adequately trained  men  feel  that  a  satisfactory  explanation 
of  any  phenomenon  must  include  a  statement  of  the  chemical 
or  physical  or  biological  principles  involved.  In  such  cases  it 
is  safe  to  say  that  the  explanations  given  are  extremely  partial, 
including  only  a  modicum  of  truth,  and  more  often  than  not 
are  absolutely  fallacious.  Indeed,  no  other  result  can  be  ex- 
pected from  one  who  lacks  a  working  knowledge  of  the  prin- 
ciples of  physics,  chemistry,  and  biology.  Occasionally  there 
is  a  clear-sighted,  capable  man,  lacking  in  adequate  training, 
who  does  important  geological  work  simply  because  he  knows 
his  limitations,  and  there  stops.  But  this  is  very  exceptional 
indeed,  and  the  physical  explanations  offered  by  many  for 
various  geological  phenomena  are  no  less  than  grotesque. 

It  has  been  made  plain  that  a  working  knowledge  of  the 
sciences  basal  to  geology  is  necessary  in  order  to  advance  its 
principles.  But  I  go  even  further,  and  hold  that  such  basal 
knowledge  is  absolutely  necessary  in  order  to  do  even  good 
descriptive  work.  Suppose  a  man  to  be  standing  before  some 
complex  geological  phenomenon      The  whole  intricate  inter- 
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woven  story  is  engraved  upon  the  retina  of  his  eye  with  more 
than  photographic  accuracy.  The  image  on  the  retina  is 
absolutely  the  same  in  the  eye  of  this  experienced  geologist  and 
in  that  of  a  child.  Yet  if  the  child  be  asked  to  state  what  he  sees 
his  statements  will  be  of  the  most  general  kind  and  ma)7  be 
largely  erroneous.  The  experienced  geologist  with  a  know- 
ledge of  the  principles  of  physics  and  chemistry  and  biology  in- 
terprets the  phenomena  imaged  in  terms  of  these  subjects.  The 
engraving  on  his  retina  is  the  same  as  on  the  retina  of  the  child , 
but  his  brain  perceives  the  special  parts  of  the  picture  of  interest 
to  him  in  their  true  proportions.  He  understands  what  is  im- 
portant, what  is  unimportant;  he  must  select  and  record  the 
things  which  are  important.  If  he  attempted  to  record  all 
that  is  imaged  in  his  eye,  a  notebook  would  be  filled  with  the 
phenomena  to  be  described  at  a  single  exposure,  and  yet  half 
the  story  would  not  be  told.  Good  descriptive  work  is  dis- 
criminative. Good  descriptive  work  picks  out  certain  of  the 
facts  as  of  great  value,  others  of  subordinate  value,  and  others 
of  no  value  for  the  purposes  under  consideration.  How  then 
can  this  discrimination  be  made?  How  can  the  facts  be 
selected  which  are  of  service?  Only  by  an  insight  into  the 
causes  which  may  have  produced  the  phenomena.  "Without 
this  insight,  to  some  extent  at  least,  a  description  is  absolutely 
valueless.  So  far  as  the  geologist  has  such  insight,  his  de- 
scription is  valuable. 

It  is  frequently  urged  in  opposition  to  the  above  that,  if 
a  person  has  theories  in  reference  to  the  phenomena  which  he 
observes  his  descriptions  will  be  erroneous;  he  will  be  biased 
by  his  theories.  Unfortunately  in  many  cases  this  is  so;  but 
just  so  far  as  it  is  true,  the  man  fails  of  the  qualities  which 
make  a  successful  geologist.  One's  theories  undoubtedly  con- 
trol in  large  measure  the  selection  of  the  phenomena  which 
are  to  be  noted,  and  the  wisdom  of  the  selection  is  a  certain 
criterion  of  the  grade  of  the  geologist.  But  whatever  the  facts 
selected  for  record,  the  statement  of  them  should  be  abso- 
lutely unbiased  by  the  theories.  Invariably,  good  practice 
requires  that  the  statement  of  facts  and  the  explanation  of 
these  facts  shall  be  sharply  separated.     Doubtless  each  geol- 
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ogist  who  is  listening  has  at  different  times  had  different  ideas 
about  the  same  locality,  or  while  away  from  a  locality  a  new  idea 
has  come  to  him  as  to  the  meaning  of  the  phenomena  there  ob- 
served. Upon  returning  to  the  old  locality  with  the  new  idea, 
additional  observations  of  value  have  been  made,  but  all  the 
statements  of  facts  made  at  the  previous  visits  should  be  found 
to  be  absolutely  true.  In  so  far  as  they  are  untrue,  the  geologist 
fails  of  accuracy,  the  first  fundamental  of  good  observation.  If 
the  previous  observations  are  found  to  be  largely  erroneous, 
the  man  who  made  them  has  small  chance  to  become  a  good 
geologist.  The  difference  between  bad  observation  and  good 
observation  is  that  the  former  is  erroneous;  the  latter  is  ?';;- 
complete.  Unfortunately  in  many  cases  not  only  the  obser- 
vations recorded  by  many  men  are  absolutely  false,  but  they 
are  so  intertwined  with  the  theories  of  the  authors  that  one  is 
unable  to  discriminate  between  what  is  intended  to  be  fact  and 
what  is  advanced  as  opinion.  It  is  needless  to  say  that  the 
cases  of  such  men  are  hopeless ;  that  there  is  no  possibility  that 
they  will  ever  become  geologists.  I  conclude,  therefore,  that 
in  order  to  have  a  standing  in  the  future,  even  as  a  descriptive 
geologist,  one  must  interpret  the  phenomena  which  he  observes 
in  terms  of  the  principles  of  astronomy,  phvsics.  chemistry, 
mineralogy,  and  biology. 

If  my  statement  thus  far  be  true,  the  outline  of  the  training 
of  a  man  hoping  to  become  a  professional  geologist  is  plain. 
Such  a  man  should  take  thorough  and  long  courses  in 
each  of  the  subjects  of  astronomy,  physics,  chemistrv,  mineral- 
olgy  and  biology.  This  means  that  a  large  part  of  the  training 
of  a  geologist  is  the  study  of  the  sciences  upon  which  geology  is 
founded.  If  a  man  who  hopes  to  be  a  geologist  is  wholly  lacking 
in  a  knowledge  of  any  of  the  basal  sciences,  this  defect  he  can 
probably  never  make  good.  Even  if  he  so  desires,  the  time 
cannot  be  found.  Moreover,  chemistry,  physics,  mineralogy, 
and  biology  are  laboratory  sciences  and  can  be  satisfactorily 
handled  only  in  the  laboratory.  If  the  fundamental  work  in 
the  basal  subjects  has  been  done  in  the  college  or  university, 
one  may  keep  abreast  of  their  progress  during  later  years;  but 
in  order  to  do  this,  the  basal  principles  must  have  become  liv- 
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t  ruths  to  him  while  a  student.  If  a  personal  illustration  be 
allowable,  during  the  past  five  years,  in  order  to  handle  the 
problems  of  geology  before  me,  I  have  spent  more  time  in  try- 
ing to  remedy  my  defective  knowledge  of  physics  and  chemis- 
try and  in  comprehending  advances  in  these  sciences  since  I 
was  a  college  student,  than  I  have  spent  upon  current  papers 
in  geology,  and  with, I  believe,  much  more  profit  to  my  work. 
If  one  has  a  working  knowledge  of  the  basal  sciences  and  lacks 
training  in  some  branch  of  geology,  this  defect  he  may  remedy, 
for  he  has  the  foundation  upon  which  to-build.  But  if  he  lacks 
knowledge  of  the  primary  principles  of  the  basal  sciences  he  is 
likely  to  be  a  cripple  for  life,  although  this  is  not  invariably 
the  case.  There  are  conspicuous  instances  where  lack  of  early 
t raining  in  the  basal  sciences  has  been  largely  remedied  by  un- 
usual ability  and  industry,  but  this  has  been  most  difficult. 
We  should  see  to  it  that  the  young  men  trained  in  our  colleges 
and  universities,  upon  whom  we  place  the  degree  of  doctor  in 
geology,  are  not  crippled  by  the  necessity  of  making  good  in 
later  life  defective  basal  training.  Any  university  which  gives 
a  man  the  degree  of  doctor  in  geology  with  a  defective  know- 
ledge of  the  basal  sciences  is  wronging  the  man  upon  whom 
the  degree  is  conferred;  for  this  man  has  a  right  to  expect  that 
his  courses  shall  have  been  so  shaped  as  to  have  given  him  the 
tools  to  handle  the  problems  which  will  arise  in  his  chosen  pro- 
fession. 

It  is  not  necessary  that  all  of  the  basal  work  shall  be  done 
before  a  man  begins  his  life  work,  but  at  least  a  large  part  of 
this  work  should  have  been  done  before  a  man  is  given  the 
certificate  that  he  can  do  the  work  of  a  professional  geologist. 
But  in  any  case  studies  in  the  basal  sciences  should  not  cease 
when  the  professional  degree  is  granted.  Continued  studies 
not  only  in  the  basal  subjects  but  in  cognate  branches  and 
even  those  far  removed  from  science  should  continue  through 
life.  The  geologist  finds  that  however  broad  and  deep  his 
studies  are  in  basal  and  cognate  subjects,  he  is  continually 
limited  by  lack  of  adequate  knowledge  of  them. 

In  recent  years  it  has  been  a  moot  question  in  colleges  and 
universities  as  to  when  specialization  should  begin,  rather 
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implying  that  when  specialization  begins  broadening  studies 
should  cease.  And,  indeed,  it  is  upon  this  hypothesis  that 
most  of  the  discussion  upon  this  subject  has  been  carried  on. 
Some  have  held  that  specialization  should  not  begin  until  late  in 
the  college  course,  or  even  rather  late  in  the  post-graduate 
course.  Others  have  held  that  one  should  early  direct  his  studies 
to  the  special  subjects  which  he  expects  to  pursue,  and  give  com- 
paratively little  time  to  other  subjects.  The  argument  for  th  is 
latter  course  is  that  competition  is  now  keen,  and  if  a  man 
keeps  in  the  race  he  must  begin  to  specialize  early.  It  appears 
to  me  that  both  of  these  answers  are  inadequate.  My  answer 
to  the  question  is  that  specialization  should  begin  early,  but 
that  broadening  studies  should  not  be  discontinued.  This 
rule  should  obtain  not  only  through  the  undergraduate  course, 
but  in  the  postgraduate  work  and  during  professional  life. 
The  specialized  work  will  be  better  done  because  of  the  broad 
grasp  given  by  the  other  subjects.  The  broadening  studies 
will  be  better  interpreted  because  of  the  deep  insight  and  know- 
ledge of  a  certain  narrow  field.  Thus  each  will  help  the  other. 
No  man  may  hope  for  the  highest  success  who  does  not  con- 
tinue special  studies  and  broadening  studies  to  the  end  of  his 
career. 

But  is  it  held  that  a  geologist  lacking  an  adequate  working 
knowledge  of  basal  studies  cannot  perform  useful  service  ?  No, 
the  domain  of  geology  is  so  great,  the  portion  of  the  earth  not 
geologically  mapped  and  the  structure  not  worked  out  is  so 
vast,  the  ore  and  other  valuable  deposits  which  have  received 
no  study  are  so  numerous,  that  there  is  an  immense  field  for  the 
application  of  well-established  principles.  In  geology,  as  in 
engineering  and  other  applied  sciences,  there  is  an  oppor- 
tunity for  many  honest,  faithful  men  to  perform  useful 
service  to  the  world  even  if  their  early  training  and  capacity 
are  not  all  that  could  be  desired.  But  even  the  application  of 
old  principles  to  new  areas  will  be  well  done  in  proportion  as 
the  geologist  has  training  in  the  basal  sciences;  and  to  the  man 
who  combines  with  such  training  talent  must  necessarily  be 
left  the  advancement  of  the  philosophy  of  geologv.  The 
philosophy  of  geology,  the  inner  meaning  of  phenomena,  was 
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the  paramount  consideration  to  Hutton  and  Lyell  and  Darwin. 
To  them  facts  were  useful  mainly  that  they  might  see  common 
factors,  the  great  principles  which  underlie  them,  or,  in  other 
words,  generalization.  To  correctly  generalize  in  geology  in- 
volves the  capacity  to  hold  a  vast  number  of  facts  in  the  mind 
at  the  same  time ;  to  see  them  in  their  length  and  breadth  and 
thickness;  to  see  them  at  the  same  time  as  large  masses  and  as 
composed  of  parts,  even  to  the  constituent  mineral  particles 
and  the  elements ;  to  see  the  principles  of  physics  and  chemistry 
and  mineralogy  and  biology  running  through  them.  Only 
by  holding  a  multitude  of  facts  and  principles  in  one's  mind  at 
the  same  time  can  geology  be  reduced  to  order  under  general 
laws. 

Failure  thus  to  hold  in  one's  mind  a  large  number  of  facts  and 
principles  leads  to  lack  of  consistency.  Often  in  a  book  or 
a  chapter,  or  on  one  page,  or  even  in  a  single  paragraph 
or  sentence,  are  contained  ideas  which  are  exclusive  of 
one  another.  They  are  not  seen  by  the  writer  to  be  ex- 
clusive of  one  another  because  he  is  so  lacking  in  a  command 
of  the  principles  of  the  basal  sciences  that  he  is  not  aware  of 
the  antagonism.  Major  Powell  once  said  to  me,  "The  stage  of 
the  development  of  the  human  mind  is  measured  by  its  capacity 
to  eliminate  the  incongruous."  If  this  hard  criterion  were 
rigidly  applied,  it  would  follow  that  many  of  our  profession 
have  not  passed  the  youthful  stage.  The  man  who  can  insert 
in  the  same  treatise,  chapter,  or  page  incongruous  ideas  saves 
an  immense  amount  of  cerebral  tissue  for  himself.  Such  a  man 
can  write  on  through  chapters  and  books,  and  not  find  it  neces- 
sary to  go  back  to  adjust  and  interrelate  the  various  parts. 
There  is  no  action  and  reaction  between  the  multitude  of  ideas. 
The  writer  has  the  easy  task  of  holding  in  his  mind  at  anv  one 
time  but  a  few  data.  He  is  in  delightful  and  happy  uncon- 
sciousness of  the  fact  that  many  of  his  statements  destroy 
one  another.  But  the  man  who  seesjthe  phenomena  and 
the  principles  of  geology  applicable  to  a  case  in  all  their 
complex  relations  and  true  proportions,  and  who  tries  to 
place  his  fragment  of  the  science  in  proper  relations  to  other 
departments  of  geology  and  other  branches  of  knowledge  has 
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a  task  before  him  requiring  great  mental  effort.  Me  must 
see  phenomena  in  three  dimensions.  At  every  point  he 
must  see  numerous  lines  of  cause  and  effect  radiate  and 
converge  upon  the  phenomena  he  is  considering  from  many 
other  phenomena.  Of  course  all  fail  to  do  this  completelv  in 
reference  to  any  complex  problem.  All  fail  to  reach  complete 
truth.  To  do  this  would  require  infinite  capacity.  But  in  so 
far  as  success  would  be  attained,  the  effort  must  be  made.  In 
proportion  as  one  can  hold  many  facts  and  principles  and  see 
their  interrelations  he  will  be  able  to  advance  the  philosophy  of 
geology.     This  is  the  work  which  burns  the  brain. 

And  his  results  he  must  express  in  language,  the  chief  means 
of  communicating  ideas  and  relations.  Yet  language  is  linear. 
By  figures,  models,  maps,  and  other  illustrations,  wisely  used, 
one  may  to  an  important  degree  remedy  the  defects  of  linear 
language.  Yet  language  and  illustration,  even  when  used  to 
the  best  advantage,  but  poorly  convey  one's  ideas.  Most  con- 
scientious writers  require  as  much  or  more  time  to  put  a  com- 
plex subject  into  words  and  illustrations  ready  for  publication 
as  they  do  in  working  out  the  results. 

But  upon  the  other  side,  and  in  favor  of  expression  in  lan- 
guage, it  should  be  remembered  that  there  is  action  and  reac- 
tion between  one's  ideas  and  the  attempt  to  express  them  in 
words  and  illustrations.  The  necessity  for  expression  in  lan- 
guage is  often  a  wonderful  clarifier  of  ideas.  The  ideas  are 
improved  by  the  attempt  at  expression  and  the  expression  is 
continually  improved  as  the  ideas  are  enlarged. 

That  the  difficulty  as  to  expression  does  not  apply  to  geology 
alone  is  well  illustrated  by  the  vast  amount  of  labor  Charles 
Darwin  spent  in  putting  into  the  linear  form  of  language  the 
most  revolutionary  work  of  the  time,  "  The  Origin  of  Species." 
It  seemed  as  if  the  intricately  interrelated  facts  of  life  were  of 
so  complex  a  nature  that  language  could  not  handle  the  prob- 
lem. But  the  genius  of  Darwin  was  such  that  he  not  only 
proved  the  truth  of  a  natural  origin  of  species  to  his 
own  mind,  but  he  so  marshaled  his  facts  and  principles  in 
linear  form  in  one  volume  that  men  were  forced  to  believe. 
Many  [of   the  ideas  ' contained   in  single   sentences  or    para- 
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graphs  of  the  "Origin"  have  been  expanded  into  papers, 
volumes  or  treatises  by  others ;  and  thus  made  easier  to  com- 
prehend.  The  "  Origin  of  Species  "  has  often  been  said  to  be  a 
difficult  book  to  read.  So  it  is,  because  its  ideas  are  more 
complex  than  language  can  easily  convey.  Darwin  unques- 
tionably saw  deeper  than  he  was  able  to  express ;  and  it  was  the 
struggle  to  state  what  he  knew  which  made  the  writing  of  the 
"  Origin  "  such  an  onerous  task.  But  geology  as  a  whole  is  only 
less  complex  than  life ;  and  many  of  us  in  the  smaller  matters 
with  which ^we  are  attempting  to  deal  have  felt  the  impossi- 
bility of  conveying  more  than  imperfectly  the  ideas  and  rela- 
tions whichfare  in  our  minds. 

In  thinking  of  the  marvelous  complexity  of  the  phenomena 
of  geology,  and  seeking  for  an  analogy  which  might  in  some 
measure  express  this  complexity,  it  seemed  to  me  that  the 
inhabitants  of  the  globe  and  their  intricate  relations  furnish 
an  approximate  illustration.  From  each  individual  or  family 
or  hamlet  or  city  or  metropolis,  there  go  out  on  foot,  by  wheel, 
by  wagon,  by  railway,  by  vessel,  various  products,  some  of 
them  to  the  remoter  parts  of  the  earth.  From  each  center, 
by  letter,  telegram,  telephone,  communications  diverge — if  the 
center  be  a  large  one,  by  thousands  of  lines.  To  each  center, 
materials  and  thoughts  in  a  like  manner  converge.  In  a  simi- 
lar way  one  class  of  geological  phenomena  is  related  to  nearly 
all  other  classes.  They  are  related  as  to  their  material  parts, 
as  to  the  forces  and  agents  acting,  and  as  to  principle  con- 
cerned in  their  production.  For  instance,  an  economic  geolo- 
gist will  appreciate  that  the  development  of  an  ore  deposit 
depends  upon  the  nature  of  adjacent  rocks,  upon  earth  move- 
ments, upon  the  resultant  deformation,  upon  fractures,  upon 
vulcanism,  upon  erosion  by  water  and  ice  and  wind,  upon 
the  circulation  of  underground  water,  and  upon  other 
complex  physical  and  chemical  conditions.  One  who  hopes  to 
gain  even  an  approximately  adequate  idea  of  the  genesis  of  an 
ore  deposit,  and  an  insight  as  to  what  is  probably  beyond  the 
point  where  the  deposit  is  "shown  up,"  must  be  able  to  handle 
the  intricate  principles  of  geology.  In  so  far  as  a  geological 
expert  is  a  master  of  these,  he  rises  in  his  profession.    In  so 
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far  as  knowledge  of  facts  and  principles  is  meager,  an  ore 
deposit  seems  a  lawless  thing  which  can  be  dealt  with 
only  on  the  relatively  simple  principle  of  the  doctrine 
of  chances.  If  an  ore  body  happens  to  be  found  at  any  place, 
follow  it.  If  for  some  unknown  reason  it  is  lost  or  depreciates 
in  value,  prod  the  ground  in  all  directions,  up  and  down,  to 
the  right  and  left,  in  the  blind  hope  that  chance  may  find 
more  ore.  In  many  cases  nine-tenths  of  this  expensive 
chance  work  would  have  been  known  in  advance  to  be  wasted, 
had  the  man  in  charge  had  a  fair  knowledge  of  the  geology  of  the 
region  and  of  the  principles  controlling  the  deposition  of  ores. 
If  my  statement  thus  far  be  founded  on  truth,  the  training 
of  a  geologist  is  a  valuable  one  from  an  intellectual  point  of 
view.  It  is  the  fashion  for  professors  in  all  departments  of 
learning  each  to  hold  that  a  knowledge  of  his  subject  is 
necessary  for  a  liberal  education.  I  have  heard  each  of  half 
a  dozen  professors,  representing  the  classics,  history,  eco- 
nomics, English,  and  other  subjects,  in  a  single  evening  each 
prove  to  his  own  satisfaction  that  his  subject  is  essential  to  a 
liberal  education.  And  at  the  present  time  some  universities 
still  hold  similar  views  in  reference  to  certain  subjects.  The 
claim  that  this  or  that  subject  is  essential  to  a  liberal 
education  shows  a  lack  of  breadth  and  lack  of  capacity  to 
see  things  in  their  proper  proportions.  Xo  one  language  or 
science  is  essential  to  a  liberal  education.  But  while  this  is 
true,  it  does  not  follow  that  this  or  that  subject  may  not  be 
essential  for  a  particular  career.  Far  be  it  from  my  purpose 
to  speak  in  a  derogatory  way  or  to  underestimate  the  value 
of  any  line  of  knowledge.  At  the  present  day  a  man  who  is 
trained  only  in  science  or  only  in  the  humanities  has  but  one 
hand;  that  hand  may  be  strong,  but  the  man  can  never  con- 
trol the  affair  before  him  with  the  power,  with  the  nicety, 
with  which  does  the  man  with  two  hands,  one  of  which  is  the 
rich  treasures  of  science,  and  the  other  the  no  less  rich  and 
important  treasures  of  the  humanities,  each  doing  its  part  in 
harmony  with  corresponding  fullness  of  results.  With  a 
fundamental  knowledge  of  both,  the  scholar  of  the  future  may 
choose  as  his  chief  occupation  the  clear,  cold  work  of  science 
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which  meets  the  needs  of  the  man  driven  by  an  irresistible 
impulse  to  see  deeper  into  the  majestic  order  of  the  universe; 
or  he  may  choose  the  attractive  work  of  the  humanities  which 
will  always  have  more  numerous  followers  bcause  of  their 
direct  personal  interest. 

As  1  have  already  intimated,  I  hold  that  for  the  best  lib- 
eral education  one  must  pursue  broadening  studies  from  the 
first  to  the  last,  and  also  that  one  must  begin  early  to  special- 
ize. If  this  be  true,  geology  may  be  said  to  be  a  desirable 
part  of  a  liberal  education,  for  it  is  built  upon  the  whole  realm 
of  pure  science,  i.  e.,  the  knowledge,  which  applies  not  only 
to  the  earth  and  all  it  holds,  including  man,  but  to  the  uni- 
verse as  well.  Because  of  the  breadth  of  training  combined 
with  specialization  required  of  a  geologist,  it  might  be  shown 
that  geology  is  one  of  the  very  useful  studies  in  giving  a  person 
a  sense  of  proportion,  of  perspective  and,  therefore,  of  rela- 
tive values — qualities  of  the  first  importance  in  this  world.  It 
might  be  held  that  the  intellectual  training  of  the  geologist  is 
of  a  kind  which  helps  him  in  dealing  with  men  and  things,  and, 
therefore,  for  handling  the  world's  work.  But  time  does  not 
suffice  to  develop  this  part  of  the  subject. 

I  shall  now  suppose  that  a  geologist  is  adequately  trained, 
that  he  has  some  power  in  generalization,  and  consider  what 
should  be  his  method  of  work.  It  is  assumed  that  the  young 
geologist  spends  a  part  of  each  year  in  the  field.  This  field  work 
should  include  areal  mapping  with  structural  and  genetic  inter- 
pretations. The  more  widely  a  young  geologist  has  traveled,  the 
more  numerous  the  excursions  in  which  he  has  taken  part,  the 
better  will  be  his  equipment.  But  no  general  work  such  as 
this  can  supply  the  place  of  systematic  mapping.  And  the 
more  exact  the  mapping  is,  the  better  the  training.  Very 
frequently  the  educational  value  of  the  mapping  in  detail  of  a 
small  area  is  underestimated.  Indeed,  I  hold  that  nothing 
else  can  take  its  place.  Moreover,  the  only  sure  way  to  test 
a  geologist  is  to  require  him  to  delineate  upon  a  map  and  in 
structural  sections  the  detailed  phenomena  of  the  field.  For 
my  part  I  have  more  confidence  in  the  future  of  a  young 
geologist  who  has  mapped  in  detail  twenty-five  square  miles, 
and  has  got  out  of  the  area  much  that  is  in  it,  than  that  of 
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another  who  has  done  no  detail  work,  but  has  run  over  and 
written  about  thousands  of  square  miles.  Rarely  can  the 
general  conclusions  of  a  man  who  has  not  done  systematic- 
mapping  be  relied  upon.  In  America  there  have  been  con- 
spicuous cases  of  men  calling  themselves  geologists  who  have 
never  carefully  mapped  a  square  mile.  Yet  some  of  these 
by  the  undiscriminating  have  been  regarded  as  leading  geolo- 
gists. And  in  one  or  two  cases  these  men  have  gained  a  wide 
hearing.  But  the  systems  which  they  built  up  had  little 
or  no  relation  to  the  world,  and  they  disappeared  with  the 
death  of  their  authors.  A  geologist  must  not  only  do 
systematic  field  work  at  the  outset;  he  must  continue  to  do 
such  work  through  the  years  to  a  ripened  age.  Not  infre- 
quently a  geologist  who  in  early  life  has  done  systematic  field 
work,  drops  this  work  and  continues  writing  geological  philoso- 
phy. But  this  is  a  precarious  course,  which  sooner  or  later 
makes  of  him  what  one  of  our  members  calls  a  "closet  geolo- 
gist." It  is  only  by  never-ending  action  and  reaction  between 
observation  of  the  complex  phenomena  of  geology  in  the  field 
and  reflection  as  to  the  meaning  of  the  phenomena  that  sure 
results  can  be  obtained. 

While  one  should  spend  a  part  of  each  year  in  the  field,  I 
suspect  that  many  more  discoveries  of  geological  principles  are 
made  in  the  office  or  in  the  laboratory  than  in  the  field.  The 
cow  collects  the  grass  in  the  meadow,  and  afterwards  lies  down 
to  chew  the  cud  and  digest  the  food.  So  the  geologist  in  the 
field,  in  the  midst  of  innumerable  facts,  collects  all  he  can. 
His  notes  are  a  record  of  his  daily  collections ;  and,  if  a  success- 
ful geologist,  of  his  daily  imperfect  inferences  and  deductions. 
But  during  the  eight  or  nine  months  of  office  and  laboratory 
work  he  has  full  opportunity  for  reflection.  He  is  then  likely 
to  see  more  of  the  common  factors  of  the  facts  collected ;  is 
more  likely  to  see  deeper  into  the  underlying  principles  which 
explain  them.  This  is  still  more  true  of  the  facts  collected  in 
the  current  and  during  the  previous  years.  Indeed,  in  the  field 
the  observations  of  the  current  year  are  often  too  prominent  on 
account  of  their  recency,  and  it  is  only  after  some  months  have 
elapsed  that  they  take  their  true  proportion  in  connection  with 
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observations  of  previous  years.  The  handling  of  the  material 
collected  not  in  one  year  only,  but  through  many  years,  is  neces- 
sarily done  in  the  office  or  in  the  laboratory,  and  it  is  only  from 
such  large  masses  of  material  that  broad  generalizations  can 
be  made. 

But  the  inductions  and  deductions  made  in  the  office  and 
the  laboratory  during  the  winter  should  be  tested  in  the  held  in 
the  following  year  in  the  light  of  the  new  ideas.  The  new 
ideas  should  not  by  a  fraction  mod;fy  the  correctness  of  the 
observations  of  the  previous  years;  they  should  be  found  as 
accurate  as  when  made.  But  observations  are  always  incom- 
plete, and  with  a  new  idea  one  invariably  adds  valuable  obser- 
vations which  were  not  noted  before  the  idea  was  available. 

1  once  wrote  to  a  number  of  the  geologists  of  this  and  other 
countries,  asking  the  directions  and  dips  .of  the  dominant 
cleavages  and  joints  for  the  various  districts  and  regions  of  the 
world  with  which  they  were  familiar.  From  only  a  single 
geologist  did  I  obtain  data  of  value.  Some  geologists  wrote 
that  they  had  not  time  to  observe  such  subordinate  phenom- 
ena! These  men  had  evidently  not  learned  the  principle  that 
the  small  but  numerous  agent  or  force  or  structure  may  have 
as  great  or  greater  importance  than  more  conspicuous  but  less 
common  ones.  Darwin  should  have  taught  every  scientist 
the  principle  of  the  quantitative  importance  of  the  numerous 
small  factor  when  he  showed  how  great  is  the  wTork  of  the 
apparently  insignificant  earthworm.  It  seems  to  me  that 
joints  are  one  of  the  important  phenomena  of  geology;  and 
this  is  true  whether  the  point  of  view  be  deformation  alone, 
physiography,  metamorphism,  circulation  of  ground  water,  or 
the  genesis  of  ores. 

\\ "liile  the  work  of  each  geologist  should  be  based  upon  thor- 
ough field  and  office  work,  and  thus  have  an  inductive  basis, 
one  should  not  there  stop,  but  should  by  deduction  ever  be 
looking  forward.  Xo  one  ever  held  more  firmly  to  fact  as  a 
basis  for  induction  than  Darwin;  but  also,  no  man  has  more 
successfully  by  deduction  projected  beyond  his  facts  than  has 
Darwin.  This  in  biology  was  a  task  of  extraordinary  dif- 
ficultv.      In  geology  one  who  has  a  firm  grasp  of  the  principles 
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of  physics  and  chemistry  may  be  more  daring.  Their  principles 
if  not  more  definite  than  the  laws  of  biology,  are  at  least  better 
known  and  more  simple.  Therefore,  one,  after  having  ob- 
served the  facts  in  a  district  and  grasped  the  principles  which 
explain  them  for  another  area,  may  deduce  what  are  likely  to  be 
the  facts  and  their  relations  in  advance  of  observation.  Or,  more 
concretely,  after  one  gets  the  correct  idea  as  to  the  meaning  of 
the  phenomena  for  a  certain  district,  he  often  can  tell  in  ad- 
vance of  observation  what  he  will  see,  or  can  find  what  I  call 
"'geology  made  to  order." 

There  is  no  better  or  more  severe  test  of  a  theory  than  one's 
capacity  to  find  geology  made  to  order.  If  observation  of  an 
area  shows  the  facts  are  not  as  expected,  this  is  certain  evi- 
dence that  one  or  more  factors  in  the  problem  have  been 
omitted  and  that  the  theory  is  inadequate.  In  so  far 
as  the  theory  is  adequate,  the  geology  will  be  'found 
as  anticipated.  The  reason  for  this  is  the  very  great  com- 
plexity and  delicate  adjustment  of  the  phenomena  of  nature. 
To  illustrate,  if  the  many  parts  of  some  complex  machine, 
such  as  a  great  printing  press,  or  a  chronometer,  were  scattered 
far  and  wide,  and  then  one  should  gather  many  of  these  parts, 
and  try  to  fit  them,  he  might  find  that  a  numerous  set  of  parts 
fit  perfectly.  If  this  were  so,  he  would  know  to  a  certainty 
that  these  parts  are  in  the  correct  positions  and  relations, 
even  if  he  did  not  know  the  relations  of  these  parts  to  other 
parts  or  the  purpose  of  the  whole;  for  so  complex  and  exact 
is  the  adjustment  that  there  is  but  one  way  to  put  the 
numerous  parts  together.  Another  set  of  parts  might  be 
found  and  these  made  to  fit.  But  doubtless  certain  parts 
would  not  be  found.  These  would  be  missing  links  neces- 
sary to  make  a  perfect  machine.  In  this  situation,  if  the  man 
had  a  genius  for  mechanical  construction,  and  an  insight 
into  principles,  he  might  be  able  to  understand  the  purpose 
of  the  whole,  and  finally  to  supply  the  parts  which  render 
the  whole  a  useful  machine.  This  he  would  be  likely  to  ac- 
complish just  in  proportion  as  he  had  mechanical  insight. 

So  the  geologist  fits  together  his  numerous  diverse  facts.  If 
he  finds   a   solution   of   a  problem  which  is   in  accord  with 
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all  the  numerous  facts  observed,  he  maybe  sure  he  is  on  the 
right  track,  even  if  he  is  incapable  of  seeing  the  full  truth,  for 
so  delicate  is  the  adjustment  of  facts  that  where  they  are 
numerous  there  is  usually  only  one  way  to  put  them  together. 
Just  in  proportion  as  the  man  has  a  working  knowledge  of  the 
principles  of  physics  and  chemistry  and  biology  and  the  other 
cognate  sciences  will  he  be  able  to  eliminate  erroneous  ex- 
planations, combine  the  facts  into  groups  under  true  theories, 
and  correctly  infer  how  the  different  groups  are  to  be  adjusted, 
how  the  various  facts  which  seem  at  first  to  have  no  definite 
relations  are  related.  Or,  to  put  it  in  another  way,  in  pro- 
portion as  he  knows  the  rules  of  the  game  will  he  be  able  to 
correctly  interpret  the  meaning  of  phenomena,  and  from  them 
to  project  into  the  unknown.  The  importance  of  understand- 
ing the  rules  of  the  game  is  not  often  appreciated.  To  the 
person  who  is  ignorant  of  the  principles  of  the  various  sciences 
all  things  are  possible.  So  many  wonderful  things  have  hap- 
pened within  the  past  half  century  that  he  thinks  it  possible 
for  anything  to  happen.  He  has  no  principles  by  which  he 
can  determine  whether  or  not  a  statement  is  probably  true. 
Hence  all  sorts  of  grotesque  notions  flourish.  Indeed,  the 
very  fact  that  so  many  wonderful  things  have  been  accom- 
plished makes  many  more  ready  to  regard  as  possible  almost 
any  absurdity  announced  by  some  so-called  "professor." 

Perhaps  at  no  time  in  the  history  of  the  world  have  many 
educated  people  shown  more  ready  credulity.  Indeed,  it  seems 
as  if  the  more  grotesque  and  preposterous  an  idea,  the  more 
likely  it  is  to  receive  attention.  And  this  credulity  is  not  con- 
fined to  those  who  are  altogether  ignorant  of  science.  A  man 
may  be  a  narrow  expert  in  one  branch  of  science  and  be  wholly 
ignorant  of  the  rules  of  the  game  in  reference  to  another 
science.  For  instance,  when  an  eminent  biologist  says  "bell- 
ringing,  the  playing  on  musical  instruments,  stone-throwing 
and  various  movements  of  solid  bodies,  all  without  human 
contact  or  any  discoverable  physical  cause — still  occur  among 
us  as  they  have  occurred  in  all  ages,"*  the  statements  show 
the  author  to  be  so  lacking  in  a  comprehension  of  the  princi- 

*"The  Wonderful  Century,"  by  Alfred  Russell  Wallace,  p.  211. 
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pies  of  physics  that  he  is  unable  to  estimate  whether  a 
phenomenon  of  physics  is  likely  or  not  likely  to  be  true.  It  is 
clear  that  a  man  may  be  an  authority  as  to  biology,  and  yet 
be  so  ignorant  of  the  rules  of  physics  that  he  may  be  as  simple 
as  a  child  in  reference  to  that  subject.  Upon  the  other  hand, 
a  man  who  has  a  firm  understanding  of  the  principles  appli- 
cable to  a  case,  or,  in  other  words,  knows  the  rules  of  the  game, 
is  likely  to  be  able  to  reach  a  rather  definite  conclusion  as 
to  whether  an  explanation  which  suggests  itself  is  in 
accordance  with  those  rules,  and  therefore  may  be  true,  or  dis- 
agrees with  some  of  the  well-established  rules,  and  therefore 
is  not  worth  considering. 

A  geologist  once  said  to  me  of  my  teacher  and  early  geolog- 
ical guide,  Professor  Irving,  that  he  was  more  correct  as  to 
the  structure  of  the  Lake  Superior  region  than  he  ought  to 
have  been.  But  I  say  that  every  man  is  just  as  correct  as  to 
deduction  beyond  observed  facts  as  he  should  be.  Men 
with  defective  basal  training  and  mediocre  intellect  will 
alwavs  fail  when  they  try  to  put  facts  together  under 
principles,  and  especially  when  they  attempt  to  project  by 
deduction  beyond  observed  facts.  But  men  who  have  a  firm 
grasp  of  the  principles  of  the  sciences  basal  to  geology,  the 
capacity  to  correlate  these  principles  and  apply  them  to  the 
facts  of  geology,  will  go  beyond  their  observations,  and  by 
deduction  will  with  perfect  confidence  reach  conclusions 
which  are  far  in  advance  of  observation.  Indeed  in  this  way 
only  can  the  best  geological  work  be  done.  After  one  has 
projected  his  deductions  in  advance  of  observations,  he  returns 
to  the  field  with  these  new  ideas,  and  then  carries  his  observa- 
tions farther  than  he  was  able  to  do  before.  The  geologist 
whose  ideas  are  not  continually  outrunning  his  observations 
will  never  go  far  in  the  science.  He  whose  mind  is  behind 
his  observations  instead  of  in  advance  of  them,  will  ever  be 
mediocre.  The  minds  of  the  leaders  of  geology  are  on  the 
mountain  heights  before  their  feet  have  more  than  touched 
the  foothills. 

The  conclusions  deduced  by  a  scientific  genius  may  go  so 
far  in  advance  of  observations  that  he  who  announces  the 
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conclusions  may  not  be  able  to  make  observations  which 
confirm  the  theories  during  his  lifetime.  In  such  cases  sub- 
sequent observations  made  through  many  years  by  others 
will  rind  the  phenomena  confirming  the  principles.  The  truths 
announced  by  men  of  insight  are  often  not  accepted  by  slower 
men  until  this  later  observational  work  is  done.  Many  cases 
could  be  cited  illustrating  these  statements.  Darwin,  in 
i860,  knew  that  life  had  existed  that  would  fill  in  the  great  gaps 
in  the  very  imperfectly  known  paleontological  record.  Since 
i860  all,  the  greater  gaps  have  been  filled  by  discovered  fossils. 
Mendeleeff,  when  he  saw  the  law  of  the  periodic  arrangement 
of  the  elements,  knew  the  elements  to  exist  which  would  fill  the 
gaps,  but  it  took  many  years  of  work  by  many  men  to  find 
a  part  of  them.  During  the  past  few  years  a  half  dozen  or 
more  of  the  vacant  places  have  been  occupied.  Each  geolo- 
gist, each  scientist,  now  as  in  the  past,  is  just  as  nearly  right  as 
he  should  be.  The  scientific  seers  will  ever  go  far  in  advance 
and  guide  others,  even  as  did  the  spiritual  seers  of  old. 

The  scope  of  these  observations  doubtless  extends  beyond 
geology.  Much  of  what  has  been  said  is  true  of  knowledge 
as  a  whole,  not  restricted  to  one  subject.  But  I  shall  have  ac- 
complished my  purpose  if  what  I  have  said  be  true  of  geology ; 
for  if  my  conclusions  be  well  founded,  they  furnish  the  basis 
upon  which  courses  should  be  laid  out  leading  to  degrees  in 
professional  geology-,  and  to  methods  of  good  geological  work 
in  the  field  and  in  the  office. 
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THE  HISTORY  OF  ICHTHYOLOGY. 


Science  consists  of  human  experience,  tested  and  placed  in 
order.  The  science  of  Ichthyology  contains  our  knowledge  of 
fishes,  derived  from  varied  experience  of  man,  tested  by 
methods  or  instruments  of  precision,' and  arranged  in  orderly 
sequence.  This  science,  in  common  with  every  other,  is  the 
work  of  many  men,  each  in  his  own  field,  and  each  contributing 
a  series  of  facts,  a  series  of  tests  of  the  alleged  facts  of  others, 
or  some  improvement  in  the  method  of  arrangement.  As  in 
other  branches  of  science,  this  work  has  been  done  by  sincere, 
devoted  men,  impelled  by  a  love  for  this  kind  of  labor,  and 
having  in  view,  as  "the  only  reward  they  asked,  a  grateful 
remembrance  of  their  work."  And  in  token  of  this  reward  it 
is  well  sometimes,  in  grateful  spirit,  to  go  over  the  names  of 
those  who  made  even  its  slight  degree  of  completeness  possible. 

We  may  begin  the  history  of  Ichthyology  with  that  of  so 
many  others  of  the  sciences, with  the  work  of  Aristotle  (383-322 
B.  C).  This  wonderful  observer  recorded  many  facts  con- 
cerning the  structure  and  habits  of  the  fishes  of  Greece,  and 
in  almost  every  case  his  actual  observation  bears  the  closest 
modern  test.  These  observations  were  hardly  "set  in  order." 
The  number  of  species  he  knew  was  small,  about  115  in  all, 
and  it  did  not  occur  to  him  that  they  needed  classification. 
His  ideas  of  species  were  those  of  the  fishermen,  and  the  chang- 
ing vernacular  supplied  him  with  the  necessary  names. 

As  Dr.  Giinther  wisely  observes,  "it  is  less  surprising  that 
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Aristotle  should  have  found  so  many  truths  as  that  none  of  his 
followers  should  have  added  to  them."  For  about  1800  years 
the  scholars  of  the  times  copied  the  words  of  Aristotle,  con- 
fusing them  by  the  addition  of  fabulous  stories  and  foolish 
superstitions,  never  going  back  to  Nature  herself,  "who  leads 
us  to  absolute  truth  whenever  we  wander."  A  few  observa- 
tions were  made  by  Caius  Plinius,  Claudius  .^Elianus,  Athenaeus, 
and  others.  About  400  A.  D.  Decius  Magnus  Ausonius  wrote 
a  pleasing  little  poem  on  the  Moselle,  setting  forth  the  merits 
of  its  various  fishes.  It  was  not,  however,  until  the  middle 
of  the  seventeenth  century  that  any  advance  was  made  in  the 
knowledge  of  fishes.  At  that  time  the  development  of  scholar- 
ship among  the  nations  of  Europe  was  such  that  a  few  wise 
men  were  able  to  grasp  the  idea  of  species. 

In  1553,  Pierre  Belon  published  his  little  book  "  De  Aqua- 
tilibus,"  in  which  numerous  (no)  species  of  fishes  of  the 
Mediterranean  were  described,  with  tolerable  figures,  and 
with  these  is  a  creditable  attempt  at  classification.  At  about 
this  time  Ulysses  Aldrovandus,  of  Bologna,  founded  the  first 
Museum  of  Natural  History  and  wrote  on  the  fishes  it  con- 
tained. In  1554,  Salviani  (1514-1572),  a  physician  at  Rome, 
published  "Aquatilium  Animalium  Historia,"  with  good 
figures  of  most  of  the  species,  together  with  much  general  in- 
formation as  to  the  value  and  habits  of  animals  of  the  sea. 

More  important  than  these,  but  almost  simultaneous  with 
them,  is  the  great  work  of  Guillaume  Rondelet  (1507-1557), 
"  De  Piscibus  Marinis,"  later  published  in  French  and  enlarged 
under  other  titles.  In  this  work  the  different  species  fairly 
described  are  244  in  all,  chiefly  from  the  Mediterranean,  and 
the  various  fables  previously  current  are  subjected  to  severe 
scrutiny.  Recognizable  woodcuts  represent  the  different 
species.  Classification  Rondelet  had  none,  except  as  simple 
categories  for  purposes  of  convenience.  More  than  usual  care 
is  given  to  the  vernacular  names,  French  and  Greek.  He 
closes  his  book  with  these  words. 

"Or  s'il  en  i  a  qui  prennent  les  choses  tant  a  la  rigueur,  qui 
ne  veulent  rien  apparouver  qui  ne  soit  du  tout  parfait,  je  les 
prie  de  bien  bon  cueur  de  traiter  telle,  ou  quelque  autre  his- 
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toire  parfaitement,  sans  qu'il  i  ait  chose  quelconque  a  redire  et 
la  receverons  e  haut  louerons  bien  vouluntiers.  Cependant  je 
scai  bien,  et  me  console  *  *  *.  avec  grand  travail  *  *  * 
qu'on  pourra  trouver  plusieurs  bones  choses  e  dignes  de 
louange  ou  proufit  e  contentement  des  homes  studieux  6  a 
l'honneur  e  grandissime  admiration  des  tres  excellens  e  perfaits 
oeuvres  de  Dieu." 

And  with  the  many  "  bones  choses  "  of  the  work  of  Rondelet 
men  were  long  too  well  satisfied,  and  it  was  not  until  the  im- 
pulse of  commerce  had  brought  men  face  to  face  with  new 
series  of  animals  not  found  in  the  Mediterranean  that  the 
work  of  the  science  of  fishes  was  again  resumed.  About 
1640  Prince  Moritz  (Maurice),  of  Nassau,  visited  Brazil,  tak- 
ing with  him  two  physicians,  George  Marcgrav  and  Wilhelm 
Piso.  In  the  great  work  "  Historia  Naturalis  Brasilia?,"  pub- 
lished at  Leyden,  1648,  Marcgrav  described  about  100  species 
all  new  to  science,  with  a  good  deal  of  spirit  and  accuracy. 
This  work  was  printed  by  Piso  after  Marcgrav's  death,  and 
his  colored  drawings — long  afterwards  used  by  Bloch — are 
in  the  History  of  Brazil  reduced  to  small  and  crude  woodcuts. 
This  is  the  first  study  of  a  local  fish  fauna  outside  the  Mediter- 
ranean region,  and  it  reflects  great  credit  on  Marcgrav  and  on 
the  illustrious  prince  whose  assistant  he  was. 

There  were  no  other  similar  attempts  of  importance  in  Ichthy- 
ology for  a  hundred  years,  when  Per  Osbeck,  an  enthusiastic 
student  of  Linnaeus,  published  (1757)  the  records  of  his  Chinese 
cruise  under  the  name  of  ' '  Iter  Chinensis. ' '  At  about  the  same 
time  another  of  Linnaeus'  students,  Hasselquist,  published  his 
"Iter  Palestinum,"  the  account  of  his  discoveries  of  fishes  in 
Palestine  and  Egypt.  More  pretentious  than  these  and  of 
much  value,  as  an  early  record,  is  Mark  Caterby's  (1679-17 49) 
"Natural  History  of  Carolina  and  the  Bahamas,"  published 
in  1748,  with  large  colored  plates,  which  are  fairly  correct 
except  in  those  cases  where  the  drawing  was  made  from 
memory. 

About  this  time  Hans  Sloane  (1660-17 5 2)  published  his 
Fishes  of  Jamaica;  Patrick  Browne  (1720-1790)  wrote  on  the 
fishes  of  the  same  region,  while  Father  Charles  Plumier  (1646- 
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1704)  made  paintings  of  the  fishes  of  Martinique,  long  after 
used  by  Bloeh  and  Lacepede.  Dr.  Alexander  Garden,  of 
Charleston,  South  Carolina,  collected  fishes  for  Linnaeus,  as 
did  also  Dr.  Peter  Kalm,  in  his  travels  in  the  northern  parts 
of  the  American  Colonies. 

With  the  revival  of  interest  in  general  anatomy,  several 
naturalists  took  up  the  structure  of  fishes.  Among  these 
Giinther  mentions  Borelli.  Malpighi.  Swammerdam,  and 
Duverney. 

The  basis  of  classification  was  first  fairly  recognized  by 
John  Ray  (1628-1705)  and  Francis  Willughby  (1635-1672), 
who,  with  other  and  varied  scientific  discoveries,  undertook, 
in  the  "  Historia  Piscium,"  published  in  Oxford  in  1686,  to 
bring  order  out  of  the  confusion  left  by  their  predecessors. 
This  work,  edited  by  Ray  after  Willughby 's  death,  is  osten- 
sibly the  work,  of  Willughby  with  additions  by  Ray.  In  this 
work  420  species  were  recorded,  180  of  these  being  actually 
examined  by  the  authors,  and  the  arrangement  chosen  by 
them  paved  the  way  to  a  final  system  of  nomenclature. 

Direct  efforts  in  this  direction,  with  a  fairly  clear  recognition 
of  genera  as  well  as  species,  were  made  by  Lorenz  Theodor 
Gronow,  called  Gronovius,  a  German  naturalist  of  much 
acumen,  and  by  Jacob  Theodor  Klein  (1685 -17 57),  whose 
work  "  Historia  Naturalis  Piscium,"  published  about  1745, 
is  of  less  importance,  not  being  much  of  an  advance  over  the 
catalogue  of  Rondolet. 

Far  greater  than  any  of  these  investigators  was  he  who  has 
been  justly  called  the  Father  of  Ichthology,  Petrus  Artedi 
(1705-1734). 

He  was  born  in  Sweden,  was  a  fellow  student  of  Linnaeus  at 
Upsala,  and  devoted  his  short  life  wholly  to  the  study  of  fishes. 
He  went  to  Holland  to  examine  the  collection  of  East  and 
West  Indian  fishes  of  a  rich  Dutch  merchant  in  Amsterdam 
named  Seba,  and  there  at  the  age  of  twenty-nine  he  was,  by 
accident,  drowned  in  one  of  the  canals.  "His  manuscripts 
were  fortunately  rescued  by  an  Englishman,  Cliffort,"  and 
they  were  edited  and  published  by  Linnaeus  in  a  series  of  five 
parts  or  volumes. 
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Artecli  divided  the  class  of  fishes  into  orders,  and  these 
orders  again  into  genera,  the  genera  into  species.  The  name 
of  each  species  consisted  of  that  of  the  genus  with  a  descriptive 
phrase  attached.  This  cumbersome  system,  called  polynomial 
was  a  great  advance  on  the  shifting  vernacular,  which  in  the 
works  of  Artedi,  Gronow,  Klein  and  others,  it  was  now  re- 
placing.; But  the  polynomial  system  as  a  system  was  of  short 
duration.  Linnaeus  soon  substituted  for  it  the  very  convenient 
binomial  system  which  has  now  endured  for  150  years,  and 
which ,|with  certain  modifications,  must  form  the  permanent 
substructure  of  the  nomenclature  in  systematic  zoology. 

The  genera  of  Artedi  are  in  almost  all  cases  natural  groups, 
although  essentially  equivalent  to  the  families  of  to-dav,  a 
division  which  in  Ichthyology  was  first  clearly  recognized  by 
Cuvier. 

The  following  is  a  list  of  Artedi's  genera  and  their  arrange- 
ment: 

Order  MALACOPTERYGII. 

Syngnathus  (Pipe-fishes).     (4  species.) 
Cobitis  (Loaches).     (3.) 
Cyprinus  (Carp  and  Dace).     (19.) 
Clupea  (Herrings).     (4.) 
Argentina  (Argentines).     (1.) 
Exoccetus  (Flying-fishes).     (2.) 
Coregonus  (White-fishes).     (4.) 
Osmerus  (Smelts).     (2.) 
Salmo  (Salmon  and  Trout).     (10.) 
Esox  (Pike).     (3.) 
Echeneis  (Remoras).     (1.) 
Coryphaena  (Dolphins).     (3.) 
Ammodytes  (Sand  Launces).     (1.) 
Pleuronectes  (Flounders).     (10.) 
Stromateus  (Butter-fishes).      (1.) 
Gadus  (Cod-fishes).     (11.) 
Anarhichas  (Wolf-fishes).     (1.) 
Muraena  (Eels).     (6.) 
Ophidion  (Cusk-Eels).     (2.) 
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Anableps  (Four-Eyed  Fish),     (i.) 
(iymnotus  (Carapos).     (i.) 
Silurus  (Cat-fishes),     (i.) 

Order  ACANTHOPTERYG1I. 

Blennius  (Blennies).     (5.) 

Gobius  (Gobies).     (4.) 

Xi])hias  (Sword-fishes).     (1.) 

Scomber  (Mackerels).     (5.) 

Mugil  (Mullets).     (1.) 

Labrus  (Wrasses).     (9.) 

Sparus  (Porgies).     (15.) 

Sciasna  (Croakers).     (2.) 

Perca  (Perch  and  Bass).     (7.) 

Trachinus  (Weavers).     (2.) 

Trigla  (Gurnards).     (10.) 

Scorpaenia  (Scorpion-fishes).     (2.) 

Cottus  (Sculpins).     (5.) 

Zeus  (John  Dories,  etc.).     (3.) 

Chaetodon  (Butterfly-fishes).     (4.) 

Gasterosteus  (Stickle-backs).     (3.) 

Lepturus  (Cutlass-fishes)  (=  Trichiurns).     (1.) 

Order  BRANCHIOSTEGI. 

Balistes  (Trigger-fishes).     (6.) 
Ostracion  (Trunk-fishes).     (22.) 
Cyclopterus  (Lump-fishes).     (1.) 
Lophius  (Anglers).     (1.) 

Order  CHONDROPTERYGII. 

Petromyzon  (Lampreys).     (3.) 
Acipenser  (Sturgeons).     (2.) 
Squalus  (Sharks).     (14.) 
Raja  (Rays).     (11.) 

In  all  47  genera  and  230  species  of  fishes  were  known  from 
the  whole  world  in  1738. 
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The  Cetaceans,  or  whales,  constitute  a  fifth  order,  Plagiuri, 
in  Artedi's  scheme. 

As  examples  of  the  nomenclature  of  species  I  may  quote : 

" Zeus  ventre  aculeato,  cauda  in  extreme  circinata,"  This 
polynomial  expression  was  shortened  by  Linnaeus  to  Zeus 
faber.  The  species  was  called  by  Rondelet  "Faber  sive  Gallus 
Marintis"  and  by  other  authors  as  " Piscis  Jovii."  "Jovii" 
suggested  Zeus,  and  Rondelet's  name  faber  was  the  specific 
name  chosen  by  Linnaeus. 

" Anarhichas  Lupus  marinus  nostras."  This  became  with 
Linnaeus  "Anarhichas  lupus." 

"Clupea,  maxilla  inferiore  longiose,  maculis  nigris  carcus: 
Harengus  vel  Chalcis  Auctorum,  Herring  vel  Hering  Anglis, 
Germanis,  Belgis.  This  became  Clupea  harengus  in  the  con- 
venient binomial  system  of  Linnaeus. 

The  great  naturalist  of  the  eighteenth  century,  Carl  von 
Linne,  known  academically  as  Carolus  Linnaeus,  was  the  early 
associate  and  close  friend  of  Artedi,  and  from  Artedi  he  ob- 
tained practically  all  his  knowledge  of  fishes.  Linnaeus,  the 
head  of  the  University  of  Upsala,  primarily  a  botanist,  was  a 
man  of  wonderful  erudition,  and  his  great  strength  lay  in  the 
orderly  arrangement  of  things.  In  his  lifetime,  his  greatest 
work,  the  "  Systema  Naturae,"  passed  through  twelve  editions. 
In  the  tenth  edition,  in  1758,  the  binomial  system  of  nomen- 
clature was  first  consistently  applied  to  all  animals.  For 
this  reason,  most  naturalists  use  the  date  of  its  publication  as 
the  beginning  of  zoological  nomenclature,  although  the  Eng- 
lish naturalists  have  generally  preferred  the  more  complete 
twelfth  edition,  published  in  1766.  This  difference  in  the 
recognized  starting  point  has  been  often  a  source  of  confusion, 
as  in  several  cases  the  names  of  species  were  needlessly  changed 
by  Linnaeus  and  given  differently  in  the  twelfth  edition. 
•  In  Linnaeus'  system  (10th  and  12th  editions),  all  of  Artedi's 
genera  were  retained  save  Lepturus,  which  name  was  changed 
to  Trichiurus.  The  following  new  genera  were  added: 
Chimaera,  Tetraodon,  Diodon,  Centriscus,  Pegasus,  Calliony- 
mus,  Uranoscopus,  Cepola,  Mullus,  Teuthis,  Loricaria.  Fis- 
tu'aria,  Atherina,  Mormyrus,  Polynemus,  Amia,  Elops. 
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classification  was  finally  much  altered;  the  Chondropterygia 
and  Branchiostegi  (with  Syngnathus)  being  called  Amphibia 
Nantes,  and  divided  into  "Spiraculis  compositis"  and  "Spira- 
culis  solitariis."  The  other  fishes  were  more  naturally  dis- 
tributed according  to  the  position  of  the  ventral  fins  into 
Piscis  Apodes,  Jugulares,  Thoracici  and  Abdominales.  The 
Apodes  do  not  form  a  homogeneous  group,  as  members  of 
various  distinct  groups  have  lost  their  ventral  fins  in  the  process 
of  evolution.  But  the  Jugulares,  the  Thoracici  and  the  Ab- 
dominales must  be  kept  as  valid  categories  in  any  natural  sys- 
tem. 

Linnaeus'  contributions  to  Zoology  consisted  mainly  of 
the  introduction  of  his  most  ingenious  and  helpful  system  of 
book-keeping.  By  it  naturalists  of  all  lands  were  able  to 
speak  of  the  same  species  by  the  same  name  in  whatever 
tongue.  Unfortunately,  ignorance,  carelessness,  and  per- 
versity brought  about  a  condition  of  confusion.  For  a  long 
period  many  species  were  confounded  under  one  name.  This 
began  with  Linnaeus  himself.  On  the  other  hand,  even  with 
Linnaeus,  the  same  species  often  appeared  under  several  dif- 
ferent nanies.  In  this  matter  it  was  not  the  system  of  naming 
which  was  at  fault.  It  was  the  lack  of  accurate  knowledge 
and  sometimes  the  lack  of  just  and  conscientious  dealing  with 
the  work  of  other  men.  No  system  of  naming  can  go  beyond 
the  knowledge  on  which  it  rests.  Ignorance  of  fact  produces 
confusion  in  naming.  The  earlier  naturalists  had  no  con- 
ception of  the  laws  of  geographical  distribution.  The  "  Indies," 
East  or  West,  were  alike  to  them,  and  "America"  was  a  suf- 
ficiently exact  record  of  the  origin  of  any  specimen.  More- 
over, no  thought  of  the  geological  past  of  groups  and  species 
had  yet  arisen,  and,  without  the  conception  of  common  origin, 
the  facts  of  homology  had  no  significance.  All  classification 
was  simply  a  matter  of  arbitrary  pigeon-holing  the  records  of 
forms,  rather  than  an  expression  of  actual  blood-relationship. 
To  this  confusion  much  was  added  through  love  of  novelty. 
Different  authors  changed  names  to  suit  their  personal  tastes 
regardless  of  rights  of  priority.  Ami  a  was  altered  to  Amiatiis 
because  it  was  too  short  a  name.     Hiodon  was  changed  to 
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Amphiodon  because  it  sounded  too  much  like  Diodon,  and 
other  changes  much  more  wanton  were  introduced,  to  be 
condemned  and  discarded  by  the  more  methodical  workers 
of  a  later  period.  With  all  its  abuses,  however,  the  binomial 
nomenclature  made  possible  Systematic  Zoology  and  Botany, 
and  with  the  Systema  Naturae  arose  a  new  era  in  the  science 
of  living  organisms. 

In  common  with  most  naturalists  of  his  day,  the  spirit  of 
Linnaeus  was  essentially  a  devout  one.  Admiration  for  the 
wonderful  works  of  God  was  breathed  on  almost  every  page 
''0  Jehovah!  quam  ampla  sunt  opera  Tua"  is  on  the  title  page, 
of  the  Systema  Naturae,  and  the  inscription  over  the  door  of 
his  home  at  Hammarby  was  to  Linnaeus  the  wisdom  of  his 
life.     This  inscription  read: 

"  Innocue  vivito:  Numen  adest"  (Live  blameless:  God  is 
here). 

The  followers  of  Linnaeus  are  divided  into  two  classes,  ex- 
plorers and  compilers.  To  the  first  class  belonged  his  own 
students  and  others  who  ransacked  all  lands  for  species  to  be 
added  to  the  lists  of  the  "Systema  Naturae."  These  men 
mostly  Scandinavian  and  Dutch,  worked  with  wonderful  zeal, 
enduring  every  hardship  and  making  great  contributions  to 
knowledge,  which  they  published  in  more  or  less  satisfactory 
forms.  To  these  men  we  owe  the  beginnings  of  the  science  of 
geographical  distribution.  Among  the  most  notable  of  these 
are  Per  Osbeck  and  Frederick  Hasselquist,  already  noted, 
Otto  Fabricius,  author  of  a  Fauna  of  Greenland,  Carel  Thun- 
berg,  successor  of  Linnaeus  as  head  of  the  University  of  Upsala, 
who  collected  fishes  about  Nagasaki,  entrusting  most  of  the 
descriptive  work  to  the  less  skilful  hands  of  his  students, 
Jonas  Nicolas  Ahl  and  M.  Houttuyn.  Martin  Th.  Brunnich, 
who  collected  at  Marseilles  the  materials  for  his  "Pisces  Mas- 
siliensis,"  Petrus  Forskal,  whose  work  on  the  fishes  of  the  Red 
Sea  (Descriptio  Animatium,  etc.),  published  posthumously 
in  1775,  is  one  of  the  most  accurate  of  faunal  lists,  and  one 
which  shows  a  fine  feeling  for  taxonomic  distinctions,  scarcely 
traceable  in  any  previous  author.  George  Wilhelm  Steller, 
naturalist  of  Bering's  expedition,   gathered,  amid  incredible 
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hardships,  the  first  knowledge  of  the  fishes  of  Alaska  and 
Siberia ;  his  notes  being  printed  after  his  tragic  death,  by  Pallas 
and  Krascheninnikow.  Petrus  Simon  Pallas  gives  the  account 
of  his  travels  in  the  North  Pacific  in  his  most  valuable  volumes, 
Zoographia  Russo-Asiatica.  S.  T.  Gmelin  and  Giildenstadt, 
like  Steller,  crossed  Siberia,  recording  its  animals.  Johann 
David  Schopf,  a  Hessian  Surgeon  stationed  at  Long  Island 
in  the  Revolutionary  War,  gave  an  excellent  account  of  the 
fishes  about  New  York. 

Still  other  naturalists  accompanied  navigators  around  the 
globe,  collecting  specimens  and  information  as  opportunity 
offered.  John  Reinhold  Forster  and  Solander  sailed  with 
Captain  Cook.  Commerson  accompanied  Bougainville  and 
furnished  nearly  all  the  original  material  used  by  Lacepede. 
Other  noted  travellers  of  the  early  days  were  Sonnerat  and 
Mungo  Park. 

Other  naturalists,  scarcely  less  useful,  gave  detailed  ac- 
counts of  the  fauna  of  their  own  native  regions.  Ablest 
of  these  was  Anastole  Risso,  an  apothecary  of  Nice,  who 
published  in  1810  the  "  Ichthyologie  de  Nice,"  an  excellent 
work  afterwards  (1826)  expanded  by  him  into  a  "  Histoire 
Naturelle  d' Europe  Meridionale." 

Contemporary  with  Risso  was  a  man  of  opposite  character, 
Constantine  Samuel  Rafinesque  (1 784-1 842),  who  wrote  at 
Palermo  in  18 10  his  "  Caratteri  di  Alcuni  Nuovi  Generi"  and 
"Ittiologia  Sciliana."  Later  he  went  to  America,  where  he 
was  for  a  time  professor  in  the  Transylvania  University  in 
Kentucky.  Brilliant,  erudite,  irresponsible,  fantastic,  he 
wrote  of  the  fishes  of  Sicily  and  later  (Ichthyologia  Ohiensis, 
1820),  of  the  fishes  of  the  Ohio  river,  with  wide  knowledge,  keen 
taxonomic  insight  and  a  hopeless  disregard  of  the  elementary 
principles  of  accuracy.  Always  eager  for  novelties,  restless  and 
credulous,  his  writings  have  been  among  the  most  difficult 
to  interpret  of  any  in  Ichthyology.  Earlier  than  Risso  and 
Rafinesque,  Thomas  Pennant  wrote  of  the  British  fishes, 
Oscar  Fredrik  Miiller,  of  the  fishes  of  Denmark,  J.  E.  Gunner, 
Bishop  of  Throndhjem,  of  fishes  of  Norway,  Duhamel  du 
Monceau,  of  the  fisheries  of  France,  D.  J.  Cornide  of  the  fishes 
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of  Spain,  and  Meidinger,  of  those  of  Austria.  Most  of  these 
writers  knew  little  of  the  Linnaean  system,  and  their  records 
are  generally  in  the  vernacular.  Most  important  of  this  class 
is  the  work  of  Antonio  Parra,  "Descripcion  de  Diferentes 
Piezas  de  Historia  Natural  de  la  Isla  de  Cuba,"  published  in 
Havana  in  1787.  In  1803,  Patrick  Russell  gave  a  valuable 
account  of  "Two  hundred  fishes  collected  at  Vizagapatam  and 
on  the  coast  of  Coromandel."  Following  this  was  a  work 
on  the  fishes  of  the  Ganges,  well  illustrated,  by  Francis 
Buchanan-Hamilton. 

Bering  Sea  and  Japan  were  explored  by  William  Theophilus 
Tilesius  (1775-183 5),  whose  papers  are  published  in  the  trans- 
actions of  the  early  societies  of  Russia.  Stephan  Krascheni- 
nikov  (1786)  wrote  a  history  of  Russia  in  Asia,  and  other 
geographical  writers,  as  Kriisenstern  contributed  something 
to  our  knowledge  of  the  fishes  in  regions  visited  by  them. 

Other  notable  names  among  the  early  writers  are  those  of 
Auguste  Broussonet  of  Montpelier,  whose  work,  too  soon  cut 
short,  showed  marked  promise.  B.  A.  Euphrasen,  Fr.  Faber, 
who  wrote  of  the  fishes  of  Iceland,  Everard  Home,  E.  Blyth, 
who  studied  the  fishes  of  the  Andamans,  J.  T.  Kolreuter,  J. 
Lepechin,  John  Latham,  W.  E.  Leach,  A.  G.  Desmarest.  G. 
Montague,  C.  Quensel,  H.  Strom  and  M.  Vahl. 

The  compilers  who  followed  Linnseus  belonged  to  a  wholly 
different  class.  These  were  men  of  large  learning,  methodical 
ways,  sometimes  brilliant,  sometimes  of  deep  insight,  but 
more  often,  on  the  whole,  dull,  plodding  and  mechanical. 

Earliest  of  those  is  Antoine  Goiian,  whose  "Historia  Pis- 
cium"  was  published  in  Paris  in  1770.  In  this  work,  which 
is  of  fair  quality,  only  genera  were  included,  and  the  three  new 
ones  which  he  introduces  into  the  System  (Lepadogaster, 
Lepidopus  and  Trachypterns)  are  still  retained  with  his  defi- 
nition of  them. 

Johann  Friedrich  Gmelin  published  in  1788  a  thirteenth 
edition  of  the  Systema  Naturae  of  Linnaeus,  adding  to  it  the 
discoveries  of  Forskal,  Forster  and  others  who  had  written 
since  Linnaeus'  time.  This  work  was  useful  as  bringing  that 
of  Linnaeus  to  a  later  date,  but  it  is  not  well  done,  the  com- 
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piler  having  little  knowledge  of  the  animals  described  and 
little  penetration  in  matters  of  Taxonomy.  Very  similar 
in  value,  although  more  lucid  in  expression,  is  the  French 
compilation  of  the  same  date  (1788),  "Tableau  Encyclo- 
pedique  et  Methodique  des  Trois  Regnes  de  la  Nature,"  by  the 
Abbe  J.  P.  Bonnaterre.  Another  "Encyclopedic  Metho- 
dique," of  still  less  merit,  was  published  as  a  dictionary  in 
Paris,  in  1787,  by  Rene  Just  Haiiy. 

In  1792,  Johann  Julius  Walbaum,  a  German  compiler  of  a 
little  higher  rank,  gathered  together  the  records  of  all  known 
species,  using  the  work  of  Artedi  as  a  basis,  and  giving  bi- 
nomial names  in  place  of  the  vernacular  terms  used  by  Schopf, 
Steller,  Pennant  and  Krascheninnikow. 

Far  more  pretentious  and  more  generally  useful  as  well  as 
containing  a  large  amount  of  original  material  is  the  "  Ichthy- 
ologia"  of  Mark  Eliezer  Bloch,  published  in  Berlin  in  various 
parts  from  1782  to  1795.  It  was  originallyjof  two  parts 
in  German;  "  Oeconomische  Naturgeschichte  der  Fische 
Deutschlands "  and  "  Naturgeschichte  der  Auslandischen 
Fische."  Bloch  was  a  physician,  born  at  Anspach  in  1723, 
and  at  the  age  of  56  began  to  devote  himself  to  Ichthyology. 
In  his  great  work  is  contained  every  species  which  he  had 
himself  seen,  every  one  he  could  purchase  from  collections, 
and  every  one  of  which  he  could  find  drawings  made  by  others. 

That  part  which  relates  to  the  fishes  of  Germany  is  ad- 
mirably done.  In  the  treatment  of  East  Indian  and  Amer- 
ican fishes  there  is  much  guess  work,  and  many  errors  of  de- 
scription and  of  fact,  for  which  the  author  was  not  directly 
responsible.  To  learn  to  interpret  the  personal  equation  in 
the  systematic  work  of  other  men  is  one  of  the  most  delicate 
of  taxonomic  arts. 

After  the  publication  of  these  great  folio  volumes  of  plates, 
Dr.  Bloch  began  a  systematic  catalogue  to  include  all  known 
species.  This  was  published  after  his  death  by  his  collaborator 
the  philologist,  Dr.  Johann  Gottlob  Schneider.  This  work, 
"Svstema  Ichthyologia,  M.  E.  Blochii,"  contains  1,519  species 
of  fishes,  and  is  the  most  creditable  compilation  subsequent  to 
the  death  of  Linnaeus. 
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Even  more  important  than  the  work  of  Bloch  is  that  of  the 
Comte  de  Lacepede,  who  became,  with  the  progress  of  the 
French  Revolution,  "Citoyen  Lacepede,"  his  original  full 
name  being  Bernard  Germain  Etienne  de  la  Ville-sur-Illon, 
Comte  de  Lacepede.  His  great  work,  Histoire  Naturelle  des 
Poissons,  was  published  originally  in  five  volumes,  in  Paris, 
from  1798  to  1803.  It  was  brought  out  under  great  dif- 
ficulties, his  materials  being  scattered,  his  country  in  a  con- 
stant tumult.  For  original  material  he  depended  chiefly  on 
the  collection  and  sagacious  notes  of  the  traveler  Commerson. 
Dr.  Gill  sums  up  the  strength  and  weakness  of  Lacepede' s 
work  in  these  terms : 

''A  work  by  an  able  man  and  eloquent  writer  even  prone  to  aid 
rhetoric  by  the  aid  of  imagination  in  absence  of  desirable  facts, 
but  which,  because  of  undue  confidence  in  others,  default  of 
comparison  of  material  from  want  thereof  and  otherwise,  and 
carelessness  generally,  is  entirely  unreliable." 

The  work  of  Lacepede  had  a  large  influence  upon  subse- 
quent investigators,  especially  in  France.  A  large  portion  of 
the  numerous  new  genera  of  Rafinesque  were  founded  on 
divisions  made  in  the  analytical  keys  of  Lacepede. 

In  1803  and  1804  Dr.  George  Shaw  published  in  London 
his  "General  Zoology,"  the  fishes  forming  part  of  volumes 
IV  and  V.  This  is  a  poor  compilation,  the  part  concerning 
fishes  being  largely  extracted  from  Bloch  and  Lacepede.  In 
1807,  Constant  Dumeril  published  an  analytical  table  of  classi- 
fication of  some  merit  as  "  Ichthyologie  Analytique,"  and 
about  181 5  H.  Ducrotay  de  Blainville  wrote  the  "  Faune 
Francaise"  and  contributed  important  studies  to  the  tax- 
onomy of  sharks. 

With  Georges  Chretien  Leopold  Dagobert  Cuvier  and  the 
"  Regne  Animal  Arrange  apr  s  son  Organization"  (181 7-1826), 
we  have  the  beginning  of  a  new  era  in  Ichthyology.  This 
period  is  characterized  by  a  recognition  of  the  existence  of  a 
natural  classification  based  on  the  principles  of  Morphology. 
The  Regne  Animal  is,  in  the  history  of  Ichthyology,  not  less 
important  than  the  Systema  Naturae  itself,  and  from  it  dates 
practically  our  knowledge  of  families  of  fishes  and  the  inter- 
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relations  of  the  groups  themselves.  The  great  facts  of 
homology  were  clearly  understood  by  Cuvier.  Their  signifi- 
cance as  indications  of  lines  of  descent  was  never  grasped 
by  him,  and  this,  notwithstanding  the  fact  that  Cuvier 
was  almost  the  first  to  bring  extinct  forms  into  the  proper 
relations  with  those  now  living. 

Dr.  Giinther  well  says  that  the  investigation  of  anatomy  of 
fishes  was  continued  by  Cuvier  until  he  had  succeeded  in  com- 
pleting so  perfect  a  framework  of  the  system  of  the  whole 
class  that  his  immediate  successors  could  content  themselves 
with  filling  up  those  details  for  which  their  master  had  no 
leisure.  Indefatigable  in  examining  all  the  external  and 
internal  characters  of  the  fishes  of  a  rich  collection,  he  ascer- 
tained the  natural  affinities  of  the  infinite  varietv  of  fishes, 
and  accurately  defined  the  divisions,  orders,  families,  and 
genera  of  the  class,  as  they  appear  in  the  various  editions  of 
the  "  Regne  Animal."  His  industry  equalled  his  genius;  he 
opened  connections  with  almost  every  accessible  part  of  the 
globe;  not  only  French  travellers  and  naturalists,  but  also 
Germans,  Englishmen,  Americans,  rivalled  one  another  to 
assist  him  with  collections ;  and  for  many  years  the  Museum 
of  the  Jardin  des  Plantes  was  the  center  where  all  ichthyological 
treasures  were  deposited.  Thus  Cuvier  brought  together  a  col- 
lection the  like  of  which  had  never  been  seen  before,  and  which, 
as  it  contains  all  the  materials  on  which  his  labors  were  based, 
must  still  be  considered  to  be  the  most  important. 

The  greatest  contributions  of  Cuvier  to  Ichthyology  are  con- 
tained in  the  great  Histoire  Naturelle  des  Poissons,  the  joint 
work  of  Cuvier  and  his  pupil  and  successor,  Achille  Valen- 
ciennes. Of  this  work  22  volumes  were  published,  from  1828 
to  1847,  containing  4,514  nominal  species,  the  larger  number 
of  volumes  appearing  after  the  death  of  Cuvier  (1832),  the 
work  closing,  not  quite  complete,  with  the  death  of  Valen- 
ciennes in  1848. 

This  is  a  most  masterly  work,  still  indispensable  to  the 
student  of  fishes.  Its  descriptions  are  generally  exact,  its 
statements  correct,  its  plates  accurate,  and  its  judgements 
trustworthy.    But  with  all  this  it  is  very  unequal.    Many  of  the 
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species  are  treated  very  lightly  by  Cuvier;  many  of  the  de- 
scriptions of  Valenciennes  are  very  mechanical,  as  though  the 
author  had  grown  weary  of  the  endless  process,  "a  failing 
commonly  observed  among  zoologists  when  attention  to 
descriptive  details  becomes  to  them  a  tedious  task."  As 
Giinther  observes,  the  number  of  nominal  species  is  almost 
doubled  because  the  authors  neglected  to  give  proper  attention 
to  the  changes  in  different  species  due  to  age  and  sex. 

After  the  death  of  Valenciennes  (1848)  Dr.  Auguste  Dumeril 
(son  of  Constant  Dumeril),  began  a  continuation  of  this 
work,  publishing  two  volumes  (1865-1870)  covering  sharks, 
ganoids,  and  other  fishes  not  treated  by  Cuvier  and  Valen- 
ciennes. The  death  of  Dumeril  left  the  great  catalogue  still 
incomplete.  Dumeril's  work  is  useful  and  carefullv  done, 
but  his  excessive  trust  in  slight  differences  has  filled  his  book 
with  nominal  species.  Thus  among  the  ganoid  fishes  he  recog- 
nizes 135  species,  the  actual  number  being  not  far  from  40. 

We  may  anticipate  the  sequence  of  time  by  here  referring 
to  the  remaining  attempts  at  a  record  of  all  the  fishes  in  the 
world.  Dr.  Albert  C.  L.  G.  Giinther,  a  German  naturalist 
resident  in  London,  and  long  the  keeper  of  the  British  Museum, 
published  in  eight  volumes  the  "Catalogue  of  the  Fishes  of  the 
British  Museum"  from  1859  to  1870.  In  this  monumental 
work,  the  one  work  most  essential  to  all  systematic  studv  of 
fishes,  6,843  species  are  described  and  1,682  doubtful  species 
are  mentioned.  The  book  is  a  tremendous  example  of  patient 
industry.  Its  great  merits  are  at  once  apparent,  and  those 
of  us  engaged  in  the  same  line  of  study  may  pass  by  its  faults 
with  the  same  leniency  which  we  may  hope  that  posteritv 
may  bestow  on  ours. 

The  publication  of  this  work  gave  a  remarkable  stimulus  to 
the  study  of  fishes.  The  number  of  known  species  had  been 
raised  from  9,000  to  about  12,000,  and  some  hundreds  of 
species  even  accepted  by  the  conservatism  of  Giinther  have 
been  erased  from  the  system. 

A  new  edition  of  this  work  has  been  long  in  contemplation, 
and  in  1898  the  first  volume  of  it,  covering  the  Percoid  fishes, 
was  published  by  Dr.  George  Albert  Boulenger      This  volume 
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is  one  of  the  most  satisfactory  in  the  history  of  Ichthyology. 
It  is  based  on  ample  material.  Its  accepted  species  have  been 
subject  to  thorough  criticism,  and  in  its  classification  every  use 
has  been  made  of  the  teachings  of  morphology  and  especially 
of  Osteology.  Its  classification  is  distinctly  modern,  and 
with  the  writings  of  the  contemporary  ichthyologists  of 
Europe  and  America,  it  is  fully  representative  of  the  scientific 
era  ushered  in  by  the  researches  of  Darwin.  The  chief  criticism 
which  one  may  apply  to  this  work  concerns  most  of  the  pub- 
lications of  the  British  Museum.  It  is  the  frequent  assump- 
tion that  those  species  not  found  in  the  greatest  museum  of 
the  world  do  not  really  exist  at  all.  There  are  still  many 
forms  of  life,  very  many,  outside  this  series  gathered  in  any 
or  all  collections. 

We  may  now  turn  from  the  universal  catalogues  to  the 
work  on  special  groups,  on  local  faunas,  or  on  particular 
branches  of  the  subject  of  Ichthyology.  These  lines  of  study 
were  made  possible  by  the  work  of  Cuvier  and  Valenciennes, 
and  especially  by  that  of  Dr.  Giinther. 

Before  taking  up  the  students  of  faunal  groups,  we  may, 
out  of  chronological  order,  consider  the  researches  of  three 
great  taxonomists,  who  have  greatly  contributed  to  the 
modern  system  of  the  classification  of  fishes. 

Louis  Agassiz  (born  in  Western  Switzerland  in  1807,  died 
at  Cambridge,  Massachusetts,  in  1873),  was  a  man  of  wonder- 
ful insight  in  zoological  matters,  and  possessed  a  varied  range 
of  scientific  information  scarcely  excelled  in  any  age — intellec- 
tually a  lineal  descendant  of  Aristotle.  His  first  work  on 
fishes  was  the  large  folio  on  the  fishes  collected  by  Jean 
Baptiste  Spix  in  Brazil,  published  at  Munich,  in  1827.  After 
his  establishment  in  America  in  1846,  at  which  time  he  be- 
came a  professor  in  Harvard  University,  Agassiz  published 
a  number  of  illuminating  papers  on  the  fresh-water  fishes  of 
North  America.  He  was  the  first  to  recognize  the  necessity 
"\  the  modern  idea  of  genera  among  fishes,  and  almost  all  of 
the  groups  so  designated  by  him  are  retained  by  later  writers. 
I!.-  was  also  the  first  to  investigate  the  structure  of  the  singular 
viviparous  surf-fishes  of  California,  the  names  Embiotoca 
and  Holconoti  applied  to  these  fishes  being  chosen  by  him. 
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His  earlier  work,  "Reeherches  sur  les  Poissons  des  Eaux 
Douces,"  published  in  Europe,  gave  a  great  impetus  to  our 
knowledge  of  the  anatomy  and  especially  of  the  embryology 
of  the  fresh-water  fishes.  Most  important  of  all  his  zoological 
publications  was  the  "Reeherches  sur  les  Poissons  Fossiles," 
published  at  Xeufchatel  from  1833  to  1843.  This  work  laid 
the  foundation  of  the  systematic  study  of  the  extinct  groups 
of  fishes.  The  relations  of  sharks  were  first  appreciated  by 
Agassiz,  and  the  first  segregation  of  the  ganoids  was  due  to 
him.  Although  he  included  in  this  group  many  forms  not 
truly  related  either  to  the  ganoids  or  even  to  the  extinct 
Arthrognaths,  yet  the  definition  of  this  order  marked  a  great 
step  in  advance. 

The  great,  genial,  hopeful  personality  of  Agassiz,  and  his 
remarkable  skill  as  a  teacher,  made  him  the  "best  friend  that 
ever  student  had,"  and  gave  him  a  large  following  as  a  teacher. 
Among  his  pupils  in  Ichthyology  were  Charles  Girard,  Fred- 
erick Ward  Putnam,  Alexander  Agassiz,  Samuel  Garman, 
Samuel  H.  Scudder,  and  the  present  writer. 

Johannes  Miiller  (1808-1858),  of  Berlin,  was  one  of  the 
greatest  of  comparative  anatomists.  In  his  revision  of  Cuviers' 
system  of  classification  he  corrected  many  errors  in  grouping, 
and  laid  foundations  which  later  writers  have  not  altered 
or  removed.  Especially  important  is  his  classical  work, 
"  Ueber  den  Bau  and  die  Grenzen  der  Ganoiden."  In  this 
he  showed  the  real  fundamental  characters  of  that  group  of 
Archaic  fishes,  and  took  from  it  the  most  heterogenous 
of  the  elments  left  in  it  by  Agassiz.  To  Miiller  we  also  owe 
the  first  proper  definition  of  the  Leptocardii  and  the  Cvclos- 
tomi,  and,  ^association  with  Dr.  J.  Henle,  Miiller  has  given 
us  one  of  the  best  general  accounts  of  the  sharks  ("Sys- 
tematische  Beschriebungen  der  Plagiostomen ").  To  Miiller 
we  owe  an  accession  of  knowledge  in  regard  to  the  duct  of  the 
air-bladder,  and  the  groups  called  Dipneusti  (Dipnoi), 
Pharyngognathi,  and  Andcanthini  were  first  defined  by  him, 
although  now'usually  restricted  within  narrower  limits  than 
those  assigned  byjhim. 

In  his  work  on  the  Devonian  fishes,  the  great  British  com- 
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parative  anatomist,  Thomas  Henry  Huxley,  first  distinguished 
the  group  of  Crossopterygians,  and  separated  it  from  the 
Ganoids  and  Dipnoans. 

Theodore  Nicholas  Gill  is  the  keenest  interpreter  of  taxo- 
nomic  facts  yet  known  in  the  history  of  Ichthyology.  He  is 
the  author  of  an  immense  number  of  papers,  the  first  bearing 
date  of  1858,  touching  almost  every  group  and  almost  every 
phase  of  relation  among  fishes.  His  numerous  suggestions 
as  to  classification  have  been  usually  accepted  in  time  by  other 
authors,  and  no  one  has  had  a  clearer  perception  than  he  of 
the  necessity  of  orderly  methods  in  nomenclature.  Among 
the  orders  first  defined  by  Gill  are  the  Eventognathi,  the 
Haplomi,  the  Xenomi,  and  the  group  called  Teleocephali, 
which  included  all  the  bony  fishes  except  those  which  showed 
peculiar  eccentricities  or  modifications.  Dr.  Gill's  greatest 
excellence  has  been  shown  as  a  scientific  critic.  Incisive, 
candid  and  friendly,  there  is  scarcely  a  scientific  man  in 
America  who  is  not  directly  indebted  to  him  for  critical  aid 
of  the  highest  importance.  The  present  writer  cannot  too 
strongly  express  his  own  obligations  to  this  great  teacher, 
his  master  in  fish  taxonomy,  as  Agassiz  was  in  fish  ecology. 
Dr.  Gill's  work  is  not  centered  in  any  single  great  treatise, 
but  is  diffused  through  a  very  large  number  of  brief  papers 
and  catalogues,  those  from  1861  to  1865  mostly  published 
by  the  Academy  of  Natural  Sciences  in  Philadelphia,  those 
of  recent  date  by  the  United  States  National  Museum.  For 
many  years  Dr.  Gill  has  been  identified  with  the  work  of  the 
Smithsonian  Institution  at  Washington. 

Closely  associated  with  Dr.  Gill  was  Dr.  Edward  Drinker 
Cope,  of  Philadelphia,  a  tireless  worker  in  almost  every  field 
of  Zoology,  and  a  large  contributor  to  the  broader  fields  of 
ichthyological  taxonomy  as  wrell  as  to  various  branches  of 
descriptive  Zoology.  Cope  was  one  of  the  first  to  insist  on 
the  close  relation  of  the  true  Ganoids  with  the  Teleost  fishes, 
the  nearest  related  group  of  which  he  defined  as  Isospondyli. 
In  breadth  of  vision  and  keenness  of  insight,  Cope  ranked  with 
the  first  of  taxonomic  writers.  Always  bold  and  original,  he 
was  not  at  all  times  accurate  in  details,  and  to  the  final  result 
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in  classification  his  contribution  has  been  less  than  that  of 
Dr.  Gill.  Professor  Cope  also  wrote  largely  on  American 
fresh-water  fishes,  a  large  percentage  of  the  Cyprinidcs  and 
Percidce  of  the  Eastern  United  States  having  been  discovered 
by  him,  as  well  as  much  of  the  Rocky  Mountain  fauna.  In 
later  years  his  attention  was  absorbed  by  the  fossil  forms,  and 
most  of  the  species  of  the  cretaceous  rocks  and  the  eocene 
shales  of  Wyoming  were  made  known  through  his  ceaseless 
activity. 

The  enumeration  of  other  workers  in  the  great  field  of  Ichthy- 
ology must  assume  something  of  the  form  of  a  catalogue.  Part 
of  the  impulse  received  from  the  great  works  of  Cuvier  and 
Valenciennes  and  of  Gunther  was  spent  in  connection  with 
voyages  of  travel.  In  1824,  Quoy  and  Gaimard  published  in 
Paris  the  great  folio  work  on  the  fishes  collected  by  the  cor- 
vettes I'Uranie  and  la  Physicienne  in  Freycinet's  voyage 
around  the  world.  In  1834,  the  same  authors  published  the 
fishes  collected  in  Dumont  D'Urville's  voyage  of  the  Astrolabe. 
In  1826,  Lesson  published  the  fishes  of  the  voyage  of  the 
CoqitiUc.  These  three  great  works  lie  at  the  foundation  of  our 
knowledge  of  the  fishes  of  Polynesia.  In  1S39,  Eydoux  and 
Gervais  published  the  fishes   of   the  voyage  of  La  Favorite. 

In  1853,  also  in  Paris,  Hombron  and  Jacquinot  gave  an 
account  of  the  fishes  taken  in  Dumont  D'Urville's  expedition 
toward  the  South  Pole.  In  England,  Sir  John  Richardson, 
a  wise  and  careful  naturalist,  wrote  of  the  fishes  collected 
the  Sulphur  (1845),  the  Erebus  and  Terror  (1846),  and  the 
Herald.  '.Lay  and  Bennett  recorded  the  species  taken  bv 
Beechey's  Voyage  of  the  Blossom.  More  important  than  any 
of  these  is  the  account  of  the  species  taken  by  Charles  Darwin 
on  the  voyage  of  the  Beagle,  prepared  by  the  conscientious 
hand  of  Rev.  Leonard  Jenyns.  Still  more  important  and 
far  ranging  is  the  voyage  of  the  Challenger,  including  the  first 
important  work  in  the  deep  seas, the  stately  volume  and  parts  of 
other  volumes  on  fishes  being  the  work  of  Dr.  Gunther.  Other 
deep-sea  work  of  equal  importance  has  been  accomplished  in 
the  Altantic  and  the  Pacific  by  the  U.  S.  Fish  Commission 
steamer  Albatross.     Its  results   in   Central  America,  Alaska, 
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Japan,  as  well  as  off  both  coasts  of  the  United  States,  have 
been  made  known  in  different  memoirs  by  Goode  and  Bean, 
Garman,  Gilbert,  Gill,  Jordan,  Cramer  and  others.  The  deep- 
sea  fish  collections  of  the  Fish  Hawk  and  the  Blake  have  been 
studied  by  Goode  and  Bean  and  Garman. 

The  deep-sea  work  of  other  countries  may  be  briefly  noticed. 
The  French  vessels,  Travaillcur  and  Talisman,  have  made  col- 
lections chiefly  in  the  Mediterranean  and  along  the  coast  of 
Africa,  the  results  having  been  made  known  by  Leon  Vaillant. 
The  Hirondelle  about  the  Azores  and  elsewhere  has  furnished 
material  for  Professor  Robert  Collett  of  the  University  of 
Christiania.  Dr.  Decio  Vincignerra  of  Rome  has  reported  on 
the  collections  of  the  Viola ntc,  a  vessel  belonging  to  the  Prince 
of  Monaco.  Dr.  A.  Alcock,  of  Calcutta,  has  had  charge  of  the 
most  valuable  deep-sea  work  of  the  Investigator  in  the  Indian 
seas.  Dr.  James  Douglas  Ogilby  and  Dr.  Edgar  R.  Waite,  of 
Sidney,  have  described  the  collections  of  the  Thetis,  on  the 
shores  of  New  South  Wales. 

From  Austria  the  voyage  of  the  frigate  Novara  has  yielded 
large  material  which  has  been  described  by  Dr.  Rudolph 
Kner.  The  cream  of  many  voyages  of  many  Danish  vessels 
has  been  gathered  in  the  "Spolia  Atlantica"  and  other  truly 
classical  papers  of  Christian  Fredrik  Liitken,  of  the  University 
of  Copenhagen,  one  of  the  great  naturalists  of  our  times. 

F.  H.  von  Kittlitz  has  written  on  the  fishes  seen  by  him  in 
the  northern  Pacific,  and  earlier  and  more  important  we  may 
mention  the  many  ichthyological  notes  found  in  the  travel 
records  of  Alexander  von  Humboldt  in  Mexico  and  South 
America. 

The  local  faunal  work  in  various  nations  has  been  very  ex- 
tensive. In  Great  Britain  we  may  note  Parnell's  "Natural 
History  of  the  Fishes  of  the  Firth  of  Forth,"  published  in 
Edinburgh  in  1838;  William  Yarrell's  History  of  British 
Fishes  (1859);  the  earlier  histories  of  British  fishes  by  Edward 
Donovan  and  by  William  Turton,  and  the  works  of  J.  Couch 
(1862),  and  Dr.  Francis  Day  (1888),  possessing  similar  titles. 
The  work  of  Day,  with  its  excellent  plates,  will  long  be  the 
standard  account  of  the  relativelv  scant   fish  fauna  of  the 
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British  Islands.  H.  G.  Seelye  has  also  a  useful  Synopsis  of  the 
Fresh-water  Fishes  of  Europe. 

We  may  here  notice  without  praise  the  extensive  work  of 
William  Swainson  (1839).  W.  Thompson  has  written  of  the 
fishes  of  Ireland,  and  Rev.  Richard  T.  Lowe  and  J.  Y.  Johnson 
have  done  most  excellent  work  on  the  fishes  of  Madeira.  F. 
McCoy,  better  known  for  work  on  fossil  fishes,  may  be  men- 
tioned here. 

The  fish  fauna  of  Scandinavia  has  been  described  more  or 
less  fully  by  ECrdyer  (1840),  Nilsson  (1855),  Fries  and  Ekstrom 
(1836),  Collett,  Lilljeborg  and  F.  A.  Smitt,  besides  special 
papers  by  other  writers,  notably  Reinhardt,  L.  Esmarck, 
Japetus  Steenstrup,  Liitken,  and  A.  W.  Malm.  Reinhardt, 
Kroyer,  Liitken,  and  A.  J.  Malmgren  have  written  of  the 
Arctic  fishes  of  Greenland  and  Spitzbergen. 

In  Russia  Nordmann  has  described  the  fishes  of  the  Black 
Sea  ("  Ichthyologie  Pontique,"  Paris,  1840),  and  Eichwald 
those  of  the  Caspian.  More  recently,  S.  Herzenstein,  War- 
pachowsky,  K.  Kessler,  B.  N.  Dybowsky,  Kamensky,  and 
others  have  written  of  the  rich  fauna  of  Siberia,  the  Caucasus 
and  the  scarcely  known  sea  of  Ochotsk.  Stephen  Basilevsky 
has  written  rather  unskillfully  of  the  fishes  of  Northern  China. 
A.  Kowalevsky  has  contributed  very  much  to  our  knowledge 
of  anatomy. 

In  Germany  and  Austria  the  chief  local  works  have  been 
those  of  Heckel  and  Kner  on  the  fresh- water  fishes  of  Austria 
(1858),  and  C.  Th.  von  Siebold  on  the  fresh- water  fishes  of 
Central  Europe  (1863).  German  ichthyologists  have  usually 
extended  their  view  to  foreign  regions  where  their  charac- 
teristic thoroughness  and  accuracy  has  made  their  work 
illuminating.  The  two  memoirs  of  Edouard  Riippell  on  the 
fishes  of  the  Red  Sea  and  neighboring  parts  of  Africa,  "Atlas 
zu  der  Reise  im  Nordlichen  Afrika,"  1828,  and  "Neue  Wir- 
belthiere,"  1837,  rank  with  the  very  best  of  descriptive  work. 
Giinther's  finely  illustrated  "  Fische  der  Siidsee,"  published 
in  Hamburg,  may  be  regarded  as  German  work.  Other 
papers  are  those  of  Dr.  Wilhelm  Peters  on  Asiatic  Fishes,  the 
most  important  being  on  the  fishes  of  Mozambique.     J.  J. 
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Heckel,  Rudolph  Kner  and  Franz  Steindachner,  successively 
curators  of  the  Museum  at  Vienna,  have  written  largely  on 
fishes.  The  papers  of  Steindachner  cover  rvhnost  every  part 
of  the  earth  and  are  absolutely  essential  to  any  serious  sys- 
tatic  study  of  fishes.  Xo  naturalist  of  any  land  has  sur- 
passed Steindachner  in  industry  or  accuracy,  and  his  work 
has  the  advantage  of  the  best  illustrations  of  fishes  made  by 
any  artist,  the  noted  Edouard  Konopicky.  Other  German 
writers  are  J.J.  Kaup,  who  has  worked  in  numerous  fields,  but 
as  a  whole  with  little  skill;  Dr.  S.  B.  Klunzinger,  who  has 
given  excellent  accounts  of  the  fishes  of  the  Red  Sea,  and 
Dr.  Franz  Hilgendorf,  of  the  University  of  Berlin,  whose 
papers  on  the  fishes  of  Japan  and  other  regions  have  shown 
a  high  grade  of  taxonomic  insight.  Other  writers  of  earlier 
date  are  Johann  Marcusen,  who  studied  the  Mormyri;  W. 
von  Repp,  who  wrote  on  the  fishes  of  the  lake  of  Constance, 
and  J.  F.  Brandt. 

In  Italy,  Charles  Lucien  Bonaparte,  Prince  of  Canino,  has 
published  an  elaborate  "Fauna  Italica"  (1838)  and  in  numer- 
ous minor  papers  has  taken  a  large  part  in  the  development 
of  Ichthyology.  Many  of  the  accepted  names  of  the  large 
groups  (as  Elasmobranchii,  Hctcrosomata,  etc.)  were  first  sug- 
gested by  Bonaparte.  The  work  of  Rafinesque  has  been 
already  noticed.  O.  G.  Costa  published  (about  1850)  a  Fauna 
of  Naples.  In  recent  times  G.  Canestrini,  Decio  Vincignerra, 
Enrico  Hillyer  Giglioli,  Luigi  Doderlein  and  others  have  con- 
tributed largely  to  our  knowledge  of  Italian  fishes,  while  Carlo 
F.  Emery,  F.  de  Filippi,  Luigi  Facciola  and  others  have  studied 
the  larval  growth  of  different  species.  Camillo  Ranzani,  G.  G. 
Bionconi,  G.  D.  Nardo,  and  others  have  contributed  to  different 
fields  of  Ichthyology. 

Xicolas  Apostolides  and,  still  later,  Horace  A.  Hoffman 
and  the  present  writer  have  written  of  the  fishes  of  Greece. 

In  France,  the  fresh-water  fishes  are  the  subject  of  an  im- 
portant work  by  Emile  Blanchard  (1866)  and  Emile  Moreau 
has  given  us  a  convenient  fauna  of  France.  Leon  Vaillant 
has  written  on  various  groups  of  fishes,  his  monograph  of  the 
American  darters  (Ethcostomince)  being  a  masterpiece  so  far 
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as  the  results  of  the  study  of  relatively  scanty  material  would 
permit.  The  *'  Mission  Scientifique  au  Mexique,"  by  Vaillant 
and  F.  Bocourt,  is  one  of  the  most  valuable  contributions  to 
our  knowledge  of  the  fishes  of  that  region.  Dr.  H.  E.  Sauvage, 
of  Boulogne-sur-Mer,  has  also  written  largely  on  the  fishes  of 
Asia,  Africa  and  other  regions. 

Important  among  these  are  the  "Poissonsde  Madagascar," 
and  a  monograph  of  the  Sticklebacks.  Alexander  Thominot 
and  Jacques  Pellegrin  have  also  written,  in  the  Museum  of  the 
Jardin  des  Plantes,  on  different  groups  of  fishes.  Earlier 
writers  were  Alphonse  Guichenot,  L.  Brissot  de  Barneville, 
H.  Hollard,  an  able  anatomist,  and  Bibron. 

In  Spain  and  Portugal,  the  c\ief  work  of  local  authors  is  that 
of  J.  V.  B.  de  Bocage  and  F.  de  Brito  Capello  on  the  fishes  of 
Portugal.  So  far  as  Spain  is  concerned,  the  chief  memoir  is 
Steindachner's  account  of  his  travels  in  Spain  and  Portugal. 
The  principal  studies  of  the  Balkan  region  have  also  been  made 
by  Steindachner. 

In  Holland  the  chief  great  works  have  been  those  of  Schlegel 
and  Pieter  van  Bleeker.  Professor  Schlegel,  of  the  University 
of  Leyden,  described  the  fishes  collected  about  Nagasaki 
by  Ph.  Fr.  de  Siebold  and  Burger.  His  work  forms  a  large 
folio  illustrated  by  colored  plates.  The  fauna  Japonica,  Pois- 
sons,  was  published  in  Leyden  from  1844  to  1850.  Schlegel's 
work  in  every  field  is  characterized  by  scrupulous  care  and 
healthful  conservatism,  and  the  fauna  Japonica  is  a  most 
useful  monument  to  his  rare  powers  of  discrimination. 

Pieter  von  Bleeker  (1819-1878),  a  surgeon  in  the  Dutch 
East  Indies,  is  the  most  voluminous  writer  in  Ichthyologv. 
He  began  his  work  in  Java  without  previous  training  and  in  a 
very  rich  field  where  almost  everything  was  new.  With 
many  mistakes  at  first  he  rose  to  the  front  by  sheer  force  of  in- 
dustry and  patience,  and  his  later  work,  while  showing  much 
of  the  "personal  equation,"  is  still  thoroughly  admirable. 
At  his  death  he  was  engaged  in  the  publication  of  a  magnificent 
folio  work,  "Atlas  Ichthyologique  des  Indes  Orientates  Xeer- 
landaises,"  illustrated  by  colored  plates.  This  work  remains 
about  two-thirds  completed.     The  writings  of  Dr.  Bleeker  con- 
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stitute  the  chief  source  of  our  knowledge  of  the  fauna  of  the 
East  Indies. 

Dr.  Van  Lidth  de  Jeude,  of  the  University  of  Leyden,is  the 
author  of  a  few  descriptive  papers  on  fishes. 

To  Belgium  we  may  assign  part  at  least  of  the  work  of  the 
eminent  Belgian  naturalist,  George  Albert  Boulenger,  now 
long  connected  with  the  British  Museum.  His  various  valua- 
ble papers  on  the  fishes  of  the  Congo  are  published  under  the 
auspices  of  the  "Congo  Free  State,"  itself  largely  a  creation 
of  the  government  of  Belgium.  To  Belgium  also  we  may 
ascribe  the  work  of  Louis  Dollo  on  the  morphology  of  fishes, 
and  on  the  deep-sea  fishes  obtained  by  the  "Expedition 
Antarctique  Beige." 

The  fish  fauna  of  Cuba  has  been  the  life-long  study  of  Dr. 
Felipe  Poey  y  Aloy  (1799-1891)  a  pupil  of  Cuvier,  for  a  half 
century  or  more  the  honored  professor  of  zoology  in  the  Uni- 
versity of  Havana.  Of  his  many  useful  papers,  the  most  ex- 
tensive are  his  "  Memorias  sobre  la  Historia  Natural  de  la  Isla 
de  Cuba,"  followed  by  a  "  Repertorio  "  and  an  "  Enumeratio  " 
on  the  same  subject.  Poey  devoted  himself  solely  to  the  rich 
fish  fauna  of  his  native  island,  in  which  region  he  was  justly 
recognized  as  a  ripe  scholar  and  a  broad-minded  gentleman. 
A  favorite  expression  of  his  was,  "Comme  naturaliste,  je  ne 
suis  pas  espagnol:  je  suis  cosmopolite.".  Before  Poey  Guich- 
enot  of  Paris  had  written  on  the  fishes  collected  in  Cuba  by 
Ramon  de  la  Sagra.  His  account  was  published  in  Sagra's 
Historia  de  Cuba,  and  later  Philip  H.  Gosse  (1810-1888) 
wrote  on  the  fishes  of  Jamaica.  Much  earlier,  Robert  Herr- 
mann Schomburgk  (1804-1865)  wrote  on  the  fishes  of  British 
Guiana.  Other  papers  on  the  Caribbean  Fishes  were  con- 
tributed by  Johannes  Midler  and  F.  H.  Troschel,  and  by 
Richard  Hill  and  J.  Hancock. 

Besides  the  work  in  South  America  of  Marcgrave,  Agassiz 
Reinhardt,  Liitkin,  Steindachner,  Jenyns,  Boulenger,  and 
others  already  named,  we  may  note  the  local  studies  of  Dr. 
Carlos  Berg  in  Argentina,  Dr.  R.  A.  Philippi  in  Chile,  and  special 
records  of  Humboldt,  Garman,  J.  F.  Abbott,  and  others  in 
recent  times.     Carl  H.  Eigenmann  and  also  Jordan  and  Eigen- 
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mann  have  studied  the  great  collections  made  in  Brazil  by 
Agassiz.  Steindachner  has  described  the  collection  of 
Johann  Natterer  and  Gilbert  those  made  by  Dr.  John  C. 
Branner.  The  most  recent  extensive  studies  of  the  myriads 
of  Brazilian  river  fishes  are  those  of  Dr.  Eigenmann.  Earlier 
than  any  of  these  Francis  de  Castelnau  (1855),  described 
many  Brazilian  fishes  and  afterwards  numerous  fishes  of 
Australia.  Guichenot,  of  Paris,  contributed  a  chapter  on 
fishes  to  Claude  Gay's  history  of  Chile,  and  J.  J.  von  Tschudi, 
of  St.  Gallen,  published  an  elaborate  but  uncritical  "Fauna 
Peruana"  with  colored  plates  of  Peruvian  fishes. 

In  New  Zealand,  F.  W.  Hutton  and  J.  Hector  have  published 
a  valuable  work  on  the  fishes  of  New  Zealand,  to  which  Dr. 
Gill  added  valuable  critical  notes  in  a  study  of  "Antipodal 
Faunas."  Later  writers  have  given  us  a  good  knowledge  of 
the  fishes  of  Australia.  Notable  among  them  are  W.  Macleay, 
James  Douglas  Ogilby,  and  Edgar  R.  Waite.  Clarke  has 
also  written  on  "Fishes  of  New  Zealand." 

The  most  valuable  work  on  the  fishes  of  Hindustan  is  the 
elaborate  treatise  on  the  "Fishes  of  India,"  by  Surgeon 
Francis  Day.  In  this  all  the  species  are  figured,  the  groups 
being  arranged  as  in  Giinther's  catalogue,  a  sequence  which 
few  non- British  naturalists  seem  inclined  to  follow.  Cantor's 
Malayan  Fishes  is  a  Memoir  of  high  merit,  as  is  also  McClelland's 
work  on  the  fishes  of  the  Ganges,  and  we  may  here  refer  to 
Andrew  Smith's  papers  on  the  fishes  of  the  Cape  of  Good 
Hope,  and  to  R.I.  Play  fair  and  A.  Giinther's  Fishes  of  Zanzibar. 
T.  C.  Jerdon,  John  Edward  Gray,  E.  Tyrwhitt  Bennett,  J. 
Bennett,  and  others  have  also  written  on  the  fishes  of  India. 

In  Japan,  following  the  scattering  papers  of  Thunberg, 
Tilesius  and  Houttuyn,  and  the  monumental  work  of  Schlegel, 
numerous  species  have  been  recorded  by  James  Carson  Bre- 
voort,  Glinther,  Gill,  Edouard  Nystrom,  Hilgendorf,  and 
others.  About  1884,  Steindachner  and  Doderlein  published 
the  valuable  "  Fische  Japans,"  based  on  the  collections  made 
about  Tokyo  by  Dr.  Doderlein.  In  1881,  Motokichi  Namiye, 
then,  as  now,  Assistant  Curator  in  the  Imperial  University, 
published  the  first  list  of  Japanese  fishes  by  a  native  author. 
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In  1900,  Dr.  Chiyomatsu  Ishikawa,  in  a  paper  on  the  fishes 
of  Lake  Biwa,  was  the  first  Japanese  author  to  venture  to 
make  a  new  species  of  fish  {Pseudogobio  zezera).  This  reti- 
cence was  due  not  wholly  to  lack  of  self-confidence,  but 
rather  to  the  scattered  condition  of  the  literature  of  Japanese 
Ichthyology.  For  this  reason  no  Japanese  author  has  ever 
felt  sure  that  any  given  undetermined  species  was  really  new. 
( )ther  Japanese  Ichthyologists  of  promise  are  Dr.  Kumakichi 
Kishinouye,  Dr.  Shinnosuke  Matsubara  and  Keinosuke  Otaki, 
and  we  may  look  for  others  among  the  pupils  of  Dr.  Kakichi 
Mitsukuri,  the  distinguished  Professor  of  Zoology  in  the 
Imperial  University. 

The  most  recent,  as  well  as  the  most  extensive,  studies  of 
the  fishes  of  Japan  were  made  in  1900  by  the  present  writer 
and  his  associate,  John  Utterbein  Snyder. 

The  scanty  pre-Cuvieran  work  on  the  fishes  of  North  Amer- 
ica has  already  been  noticed.  Contemporary  with  the  early 
work  of  Cuvier  is  the  worthy  attempt  of  Professor  Samuel 
Latham  Mitchell  (1 764-1 831)  to  record  in  systematic  fashion 
the  fishes  of  New  York.  Soon  after  followed  the  admirable 
work  of  Charles  Alexander  Le  Sueur  (1780-1840),  artist  and 
naturalist,  who  was  the  first  to  study  the  fishes  of  the  Great 
Lakes  and  the  basin  of  Ohio.  Le  Sueur's  engraving  of  fishes 
in  the  early  publications  of  the  Academy  of  Natural  Sciences  in 
Philadelphia,  are  still  among  the  most  satisfactory  repre- 
sentations of  the  species  to  which  they  refer.  Constantine 
Samuel  Rafinesque  (1 784-1 842),  the  third  of  this  remarkable 
but  very  dissimilar  trio,  published  numerous  papers  descriptive 
of  the  species  he  had  seen  or  heard  of  in  his  various  botanical 
rambles.  This  culminated  in  his  elaborate  but  untrustworthy 
Ichthyologia  Ohiensis.  The  fishes  of  Ohio  received  later  a 
far  more  conscientious,  though  less  brilliant,  treatment  at 
the  hands  of  Dr.  Jared  Potter  Kirtland  (1 793-1877 ),  an  emi- 
nent physician  of  Cleveland,  Ohio.  In  1842,  the  amiable  and 
scholarly  James  Ellsworth  Dekay  (1 799-1851),  published  his 
detailed  report  on  the  New  York  fauna,  and  a  little  earlier 
(1836),  in  the  Fauna  Boreali-Americana  Sir  John  Richardson 
(1787-186 5)  gave  a  most  valuable   and   accurate   account  of 
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the  fishes  of  the  Great  Lakes  and  Canada.  Almost  simulta- 
neously, Rev.  Zadock  Thompson  (i  796-1 856)  gave  a  catalogue 
of  the  fishes  of  Vermont,  and  David  Humphreys  Storer  (1804- 
1891)  began  his  work  on  the  fishes  of  Massachusetts,  finally 
expanded  into  a  "Synopsis  of  the  Fishes  of  North  America" 
(1846)  and  a  "  History  of  the  Fishes  of  Massachusetts"  (1867). 
Dr.  John  Edwards  Holbrook  (1794-1871),  of  Charleston,  pub- 
lished (i860)  his  invaluable  record  of  the  fishes  of  South  Caro- 
lina, the  promise  of  still  more  important  work,  which  was  de- 
stroyed by  the  outbreak  of  the  Civil  War.  The  Monograph 
on  Lake  Superior  (1850),  and  other  publications  of  Louis 
Agassiz  (1807-1873),  have  been  already  noticed.  One  of  the 
first  of  Agassiz's  students  was  Charles  Girard  (1822-1895), 
who  came  with  him  from  Switzerland,  and  in  association  with 
Spencer  Fullerton  Baird  (1823-1887)  described  the  fishes 
from  the  United  States  Pacific  Railway  Surveys  (1858),  and 
the  United  States  and  Mexican  Boundary  Surveys  (1859). 
Professor  Baird,  primarily  an  ornithologist,  became  occupied 
with  executive  matters,  leaving  Girard  to  finish  these  studies 
of  the  fishes.  A  large  part  of  the  work  on  fishes  published 
by  the  United  States  National  Museum  and  the  United  States 
Fish  Commission  has  been  made  possible  through  the  direct 
help  and  inspiration  of  Professor  Baird.  Among  those  en- 
gaged in  this  work  James  M.  Milner,  Hugh  M.  Smith,  Mar- 
shall Macdonald  may  be  noted. 

Most  eminent,  however,  among  the  students  and  assistants 
of  Professor  Baird  was  his  successor,  George  Brown  Goode 
(185 1 -1899),  one  of  the  most  accomplished  of  American 
naturalists,  whose  greatest  work,  Oceanic  Ichthyology,  pub- 
lished in  collaboration  with  his  associate  of  many  years, 
Dr.  Tarleton  Hoffman  Bean,  was  barely  finished  at  the  time 
of  his  death.  The  work  of  Theodore  Nicholas  Gill  and 
Edward  Drinker  Cope  has  been  already  noticed. 

( )ther  faunal  writers  of  more  or  less  prominence  were  Wil- 
liam Dandridge  Peck  (1763-1822)  in  New  Hampshire,  George 
Suckley  (1830-1869)  in  Oregon,  James  William  Milner  (1841- 
1880)  in  the  Great  Lake  Region,  Samuel  Stehman  Holdeman 
(181 2-1880)  in  Pennsylvania,  William  0.  Ayres  (1817-1891) 
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in  Connecticut  and  California,  Dr.  John  G.  Cooper,  Dr.  William 
P.  Gibbons,  and  William  N.  Lockington  in  California.  Philo 
Romayne  Hoy  (181 6-1893),  studied  the  fishes  of  Wisconsin, 
Charles  Conrad  Abbott  those  of  New  Jersey,  and  Silas  Stearns 
(1859-1888)  those  .of  Florida,  and  Stephen  Alfred  Forbes 
those  of  Illinois. 

Samuel  Garman,  at  Harvard  University,  a  student  of 
Agassiz,  is  the  author  of  numerous  valuable  papers,  the  most 
notable  being  on  the  sharks  and  on  the  deep-sea  collections  of 
the  Albatross  in  the  Galapagos  region,  the  last  illustrated  by 
most  excellent  plates. 

The  present  writer  began  a  systematic  Catalogue  of  the 
Fishes  of  North  America  in  1875,  in  association  with  his  gifted 
friend,  Herbert  Edson  Copeland  (1849-1876),  whose  sudden 
death,  after  a  few  excellent  pieces  of  work,  cut  short  the  under- 
taking. Later,  Charles  Henry  Gilbert  (i860-  ),  a  student 
of  Professor  Copeland,  took  up  the  work,  and  in  1883  a  "Synop- 
sis of  the  Fishes  of  North  America  "  was  completed  by  Jordan 
and  Gilbert.  Dr.  Gilbert  has  since  been  engaged  in  studies 
of  the  fishes  of  Panama,  Alaska,  and  other  regions,  and  the 
second  and  enlarged  edition  of  the  Synopsis  was  completed 
in  1898,  as  the  "  Fishes  of  North  and  Middle  America,"  in  col- 
laboration with  another  of  the  writer's  students,  Dr.  Barton 
Warren  Evermann.  A  Monographic  Review  of  the  Fishes 
of  Puerto  Rico  was  later  (1900)  completed  by  Dr.  Evermann, 
together  with  numerous  minor  works.  Other  naturalists  whom 
the  writer  may  be  proud  to  claim  as  students  are  Charles  Leslie 
McKay  (1854-1883),  drowned  in  Bristol  Bay,  Alaska,  while 
engaged  in  explorations,  and  Charles  Henry  Bollman,  stricken 
with  fever  in  the  Okefenokee  Swamps  in  Georgia.  Still  others 
were  Dr.  Carl  H.  Eigenmann,  the  indefatigable  investigator 
of  Brazilian  fishes  and  of  the  blind  fishes  of  the  caves;  Dr. 
Oliver  Peebles  Jenkins,  first  explorer  of  the  fishes  of  Hawaii; 
Dr.  Alembert  Winthrop  Brayton,  explorer  of  the  streams  of  the 
Great  Smoky  Mountains;  Dr.  Seth  Eugene  Meek,  explorer 
of  Mexico;  John  Otterbein  Snyder,  explorer  of  Mexico,  Japan, 
and  Hawaii ;  Edwin  Chapin  Starks,  explorer  of  Puget  Sound  arid 
Panama  and  investigator  of  fish  osteology.     Still  other  natu- 
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ralistsof  the  coming  generation,  students  of  the  present  writer 
and  of  his  lifelong  associate,  Professor  Gilbert,  have  con- 
tributed in  various  degrees  to  the  present  fabric  of  American 
Ichthyology.  Among  them  are  Mrs.  Rosa  Smith  Eigenmann, 
Dr.  Joseph  Swain,  Wilbur  Wilson  Thoburn,  Frank  Cramer, 
Alvin  Seale,  Albert  Jefferson  Woolman,  Philip  H.  Kirsch, 
Cloudsley  Rutter,  Robert  Edward  Snodgrass,  James  Francis 
Abbott,  Arthur  S.  Greeley,  Edmund  Heller,  Henry  Weed 
Fowler,  and  Richard  Crittendon  McGregor. 

Other  facts  and  conclusions  of  importance  have  been  con- 
tributed by  various  persons  with  whom  Ichthyology  has  been 
an  incident  rather  than  a  matter  of  central  importance. 

As  students  of  the  extinct  fishes,  following  the  monumental 
work  of  Louis  Agassiz,  some  of  the  notable  names  are  those  of 
Pander,  Asmuss,  Heckel,  Hugh  Miller,  and  R.  H.  Traquair. 
An  indispensable  "  Handbuch  der  palasontologie  "  is  that  of 
Karl  A.  Zittel  (1890),  in  which  the  knowledge  of  fossil  fish  is 
brought  up  to  a  recent  date.  The  most  valuable  general  work 
is  the  "Catalogue  of  the  Fossil  Fishes  in  the  British  Museum  " 
in  four  volumes,  by  Dr.  Arthur  Smith  Woodward,  a  most 
worthy  companion  of  Giinther's  Catalogue  of  the  living  fishes, 
and  still  more  modern  in  the  taxonomy  and  views  of  relation- 
ships. Important  contributions  are  those  of  Huxley,  F.  McCoy, 
Van  den  Marck,  de  Koninck,  Davis,  Nicholson,  Charlesworth, 
Sir  Philip  Egerton,  Rictet,  Kner,  von  Meyer,  Hasse,  Thiolliere, 
Jaekel,  Rohon,  Sauvage,  Stolicza,  Lawley,  Molin,  Gibbes, 
Probst,  Karpinsky,  Kipryanoff,  and  many  others. 

In  America  Dr.  John  Strong  Newberry  has  studied  the  fossil 
fishes  of  Ohio.  Professor  Edward  W.  Claypole  has  worked 
largely  in  the  same  region;  Edward  Drinker  Cope  and  Dr. 
Joseph  Leidy  on  the  Eocene  and  Cretaceous  Fishes  of  the 
Rocky  Mountains.  Numerous  recent  papers  of  great  value 
have  been  published  by  Dr.  Bashford  Dean,  of  Columbia 
University,  and  Dr.  Charles  R.  Eastman,  of  Harvard.  Other 
important  records  are  due  to  Orestes  St.  John,  A.  H.  Worthen, 
Charles  D.  Walcott,  and  the  Redfields,  father  and  son. 

Still  more  difficult  of  enumeration  is  the  long  list  of  those  who 
have  studied  the  anatomy  of  fishes,  usuallv  in  connection  with 
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the  comparative  anatomy  or  development  of  other  animals. 
Pre-eminent  among  these  are  Karl  Ernst  von  Baer,  Cuvier, 
Geoffrey  St.  Hilaire,  Louis  Agassiz,  Johannes  Miiller,  Carl 
Yogt.  Carl  Gegenbaur  Meckel,  William  Kitchen  Parker, 
Francis  M.  Balfour,  Thomas  Henry  Huxley,  H.  Rathke, 
Richard  Owen,  Kowalevsky,  H.  Stannius,  Joseph  Hyrtl,  Gill, 
Boulenger  and  Bashford  Dean.  Other  names  of  high  author- 
ity are  those  of  Wilhelm  His,  Kolliker,  Bakker,  Rosenthal, 
Gottsche.  Mikluehe,  Macleay.  Weber,  Hasse,  Retzius,  Ows- 
jannikow,  H.  Miiller,  Stieda,  Marcusen,  and  Ryder. 

Besides  all  this  there  has  risen,  especially  in  the  United 
States,  Great  Britain,  Norway  and  Canada  and  Australia,  a 
vast  literature  of  Commercial  Fisheries,  Fish  Culture  and 
Angling,  the  chief  workers  in  which  fields  we  may  not  here 
enumerate  even  by  name. 
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ADDRESS 

BY 

B.  T.   GALLOWAY, 

VICE-PRESIDENT  AND   CHAIRMAN    OF   SECTION   G  FOR   IQOI. 


APPLIED    BOTANY,    RETROSPECTIVE   AND   PROS- 
PECTIVE. 


It  has  been  the  general  practice  in  past  years  for  the  retiring 
Vice-President  of  this  Section  to  give  a  summary  of  the  results 
accomplished  in  research  work,  and  to  point  out  the  lines 
along  which  there  appears  promise  of  further  advancement. 
The  facts  set  forth  in  these  addresses  and  the  opportunities 
pointed  out  in  them,  have  proved  of  great  advantage  to  all, 
especially  the  younger  men,  who  draw  their  inspiration  from 
what  has  been  accomplished  in  the  past  and  what  the  future 
holds  forth.  In  choosing  my  subject  I  have  deviated  some- 
what from  the  usual  practice  heretofore  followed,  not  because 
I  have  anything  particularly  new  to  say  or  any  particularly 
startling  facts  to  disclose,  but  rather  for  the  reason  that  it 
seems  desirable  at  this  time  to  emphasize  some  of  the  things 
that  appeal  to  us  as  possibly  having  a  marked  influence  on 
the  future  development  of  botanical  work.  To  one  who  is 
necessarily  thrown  in  contact  with  the  somewhat  hurly-burly 
affairs  of  life,  the  old  meaning  of  botanical  work  is  gradually 
giving  way  to  something  else — something  that  reaches  out 
into  practical  affairs  and  pushes  its  way  into  paths  where,  a 
few  years  ago,  the  botanist  would  have  feared  to  tread. 

Now  the  question  arises,  is  botanical  science  to  suffer  by 
this  movement,  or  is  it,  after  the  first  preliminary  efforts,  to 
emerge  rehabilitated,  stronger  and  more  vital  than  ever  be- 
fore?    I  have  neither  fear  nor  doubt  as  to  the  outcome,  and 
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believe  that  the  spirit  which  has  made  us  commercially  a 
leader  of  nations  will  enable  us  to  build  up  a  science  which 
neither  time  nor  change  can  seriously  affect.  It  hardly  needs 
any  extended  statement  to  call  to  mind  the  rapid  changes 
which  have  taken  place  in  botanical  work  and  botanical 
thought  during  the  past  twenty  years,  yet  a  critical  study  of 
these  changes  is,  to  me,  one  of  the  most  hopeful  signs  that 
our  progress  has  constantly  been  in  the  direction  of  a  stronger 
place  in  the  world's  usefulness  and  a  higher  plane  of  scientific 
thought.  Twenty  years  ago  the  botany  taught  in  our  uni- 
versities and  colleges  was  of  such  a  nature  as  to  meet  the 
general  requirements  of  the  time.  It  broadened  out  rapidly 
during  the  last  ten  years  of  this  period,  but  it  was  still  limited 
in  large  part  to  systematic  studies,  with  some  few  attempts 
here  and  there  to  enter  the  field  of  morphology,  physiology, 
and  the  kindred  branches.  Perhaps  no  one  thing  has  given 
a  greater,  stimulus  to  applied  botany  than  the  organization 
of  the  various  State  Experiment  Stations,  under  what  is 
known  as  the  Hatch  Act,  which  became  a  law  in  1886  and 
went  into  active  operation  a  year  later.  Under  the  broad 
authority  given  in  this  Act,  establishing  a  Station  in  each 
State  and  Territory,  opportunities  were  afforded  for  advanced 
studies  of  both  plants  and  animals  in  their  bearing  on  agri- 
cultural development,  and  as  a  result  there  was  an  extraor- 
dinary demand  for  men,  which,  even  yet,  it  is  impossible  to 
meet. 

Coincident  with  the  establishment  of  the  Experiment 
Stations  came  a  broadening  of  the  work  of  the  National  De- 
partment of  Agriculture,  thus  creating  the  need  for  still  more 
men  trained  in  certain  lines.  At  this  time  the  era  of  special- 
ization was  scarcely  upon  us,  but  such  was  the  demand  for 
men  and  work  that  the  stimulus  to  those  engaged  in  special 
lines  was  great. 

<  )t  course  this  country  was  not  alone  in  the  movement  which 
has  just  been  described,  for  in  Europe  and  particularly  in 
France,  there  was  experienced  the  same  need  for  help  in 
applied  lines,  and  as  a  result  extraordinary  efforts  were  put 
forth  by  those  in  charge  of  chairs  in  the  various  institutions 
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of  learning  to  meet  these  demands.  The  happenings  such  as 
we  are  describing  are  met  with  frequently  in  the  progress  of 
the  world,  and  are  really  the  culmination  of  more  or  less  sub- 
jective thought,  which,  when  the  proper  moment  arrives, 
breaks  into  force  and  makes  itself  felt  in  an  objective  way. 
It  is  found,  therefore,  that  while  this  work  was  making  rapid 
strides, thedemandwasso  great  forimmediatepractical  results 
that  sufficient  attention  was  not  always  givento  that  accuracy 
and  precision  of  conclusion  that  the  world's  best  thought  de- 
mands. There  was  a  proneness,  in  other  words,  to  sacrifice 
accuracy  to  utility.  Helmholtz,  long  ago,  sounded  a  warning 
on  this  subject  when  he  said  that  "Whoever  in  the  pursuit 
of  science  seeks  after  immediate  practical  utility  may  gener- 
ally rest  assured  that  he  will  seek  in  vain."  On  the  other 
hand,  there  is  a  class  of  investigators,  and  their  numbers  are 
considerable,  whose  work,  for  the  most  part,  is  largely  ahead 
of  the  practical  side.  Possibly,  taking  all  of  the  work  that 
has  been  done  in  this  country,  the  need  is  not  so  much  for  more 
research,  but  for  the  practical  application  of  the  researches 
already  made  to  the  everyday  affairs  of  life.  In  some  branches 
this,  of  course,  has  not  been  the  case,  as  is  evidenced  by  what 
has  been  accomplished  in  a  number  of  important  fields  during 
the  past  fifteen  years. 

Of  the  different  branches  of  botanical  science  that  have  been 
applied  to  the  betterment  of  man,  physiology  and  pathology 
stand  pre-eminently  to  the  front.  We  cannot  lay  any  great 
claim  to  much  in  the  way  of  studies  in  the  pure  science  of 
physiology,  but  the  practical  application  of  these  studies  to 
the  affairs  of  life  has  been  considerable. 

In  passing,  I  may  be  pardoned  for  emphasizing  somewhat 
in  detail  a  fact  that  seems  to  be  little  appreciated,  and  that  is 
the  great  value  and  usefulness  of  the  individual  or  organiza- 
tion that  can  bring  to  the  attention  of  the  people  the  results 
of  scientific  work  in  such  a  way  that  mankind  as  a  whole  is 
bettered,  and  the  struggle  for  life  is  made  less  a  burden. 
What  value  to  the  world  is  a  scientific  discovery  unless  it  is 
clothed  by  some  genius  with  a  force  that  will  bring  its  use- 
fulness home  to  thousands,  where  before  it  would  have  been 
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known  to  but  a  few  of  the  elect  ?  While  willing  to  admit  that 
America,  for  very  good  reasons,  has  not  as  yet  been  able  to  take 
front  rank  in  the  way  of  original  discoveries,  no  one  will  deny 
the  fact  that  our  country  has  quickly  turned  to  practical 
account  discoveries  of  all  kinds  where  there  was  promise  of 
practical  results.  So  that  while  in  physiology,  laboratory  in- 
vestigations have  been  pushed  with  vigor  abroad,  our  efforts 
have  been  in  the  past  mainly  in  the  direction  of  broad  field 
work,  which  has  added  materially  to  the  wealth  and  power 
of  the  country.  This  is  particularly  the  case  with  the  work 
on  legumes  and  the  application  of  laboratory  discoveries  to 
the  problems  connected  with  nitrogen  supply  and  the  rotation 
of  crops.  The  extended  work  of  Laws  and  Gilbert  and  other 
experimenters,  has  done  much  to  emphasize  the  value  of  the 
broad  application  of  laboratory  research  in  this  field.  It 
sometimes  happens  in  work  of  this  kind  that  its  application 
is  of  such  a  special  nature  as  to  preclude  a  proper  appreciation 
of  its  value  in  a  general  way.  Such,  for  example,  is  the  work 
of  Loew,whothree  years  ago  undertook  a  very  special  problem 
having  to  do  with  the  handling  of  tobacco,  and  which,  in  two 
years,  was  practically  finished,  but  so  changed  the  aspect  of 
the  work  that  it  opened  great  possibilities  in  building  up  an 
important  industry  and  adding  wealth  to  the  country  as 
well.  The  keen  competition  in  tobacco  growing,  and  the  fact 
that  the  finest  grades  were,  in  large  part,  imported,  made  it 
very  desirable  and  important  that  all  available  information  in 
regard  to  the  crop  be  secured.  The  chief  problem  upon 
which  light  was  needed  had  to  do  with  the  fermentation  of 
the  leaf.  Prior  to  Loew's  work  it  was  generally  held  that 
fermentation  was,  in  large  part,  due  to  bacteria,  and  that  the 
difference  in  the  aromas  of  tobacco  might, to  a  certain  degree, 
be  controlled  through  the  action  of  these  organisms.  Loew's 
work  showed  that  the  fermentation  of  tobacco  was  due  to 
enzyms.  Theenzyms  causing  the  fermentation  were  isolated, 
and  methods  for  controlling  them  were  pointed  out.  As  a 
result  of  this  work  improved  methods  of  handling  the  crop 
have  been  developed  and  new  industries  established.  Such, 
for  example,  is  the   Sumatra  tobacco  industry  developed  in 
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Connecticut,  which  owes  its  incentive  to  the  advanced  work 
of  Loew,  and  which  bids  fair  to  add  a  great  deal  to  the  material 
wealth  of  the  country. 

Plant  breeding  is  another  branch  of  applied  work  closely 
related  to  physiology,  which  has  made  rapid  advances  during 
the  past  few  years.  It  is  true  that  plant  breeding  leads  off 
into  horticultural  and  other  fields,  but  the  advances  that 
have  been  made  in  this  field  in  recent  years  have  had  their 
inception  largely  in  botanical  studies.  The  work,  as  a  whole, 
has  had  for  its  object  the  advancement  of  industrial  pursuits, 
and  has  aided  materially  in  adding  to  the  wealth  and  progress 
of  the  country.  It  is  true  that  in  some  cases  applied  work 
in  this  line  has  been  pushed  in  advance  of  scientific  research, 
but  this  has  led  to  no  serious  results,  for  notwithstanding 
a  lack  of  knowledge  as  to  the  full  scientific  significance  of  the 
various  operations  performed,  the  results  have  in  most  cases 
shown  far-reaching  intuitive  knowledge  on  the  part  of  those 
who  have  actually  been  engaged  upon  the  various  problems. 
What  has  been  accomplished  by  Bailey,  Webber,  Waugh, 
Burbank,  Hays,  and  others  has  shown  great  possibilities, 
and  the  improvements  made  in  many  crops  will,  no  doubt,  in 
time,  prove  of  more  value  than  even  the  [present  seems  to 
indicate. 

In  no  branch  of  botanical  science  have  the  advances  in 
applied  work  been  more  pronounced  than  in  pathology. 
Twenty  years1  ago  plant  pathology  was  practically  unknown 
in  this  country.  Little  or  no  attempt  had  been  made  toward 
systematic  work  in  this  field,  and  what  had  been  accomplished 
was  largely  in  the  direction  of  applying  information  secured 
as  a  result  of  investigations  abroad.  The  first  attempts  in 
the  study  of  pathological  problems  were  naturally  confined 
to  questions  having  r,o  do  with  parasites.  The  effects  of  para- 
sitic enemies  of  plants  were  pronounced,  and  gave  oppor- 
tunity for  the  most  ready  investigation.  In  looking  back, 
therefore,  on  the  early  development  of  the  work,  it  is  not 
strange  to  find  that  investigations  for  the  most  part  were  in 
the  direction  of  economic  mycology,  for  it  was  largely  a  study 
of  parasitic  fungi  in  their  relation  to  plant  diseases.       The 
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important  problems  connected  with  the  relation  of  the  fungus 
to  the  host  and  host  to  fungus  were,  for  the  most  part,  over- 
looked. Pathology,  therefore,  had  its  inception  largely  in 
mycological  investigations,  which  later  developed  into  a  study 
of  the  host  itself.  This  naturally  led  into  the  field  of  plant 
physiology,  and  developed  slowly  the  important  work  of  in- 
vestigating plant  environment  and  its  relation  to  patholog- 
ical phenomena.  It  was  early  seen  that  no  sharp  line  of  dis- 
tinction could  be  drawn  between  any  of  these  various  branches  r 
and  for  this  reason  it  became  important  to  push  the  investi- 
gations along  several  different  lines.  To  the  early  workers 
in  this  field  is  due  the  credit  of  laying  the  foundation  which 
paved  the  way  for  a  full  understanding  of  the  broad  problems 
elucidated  later,  and  as  a  result  the  science  itself  has  been 
established  on  a  firm  basis. 

It  is  the  practical  application  of  this  science,  however, 
that  has  attracted  such  widespread  attention  everywhere, 
especially  the  work  which  has  been  done  in  this  country  and 
in  France.  Prior  to  1885,  very  little  was  known  in  regard 
to  the  treatment  of  plant  diseases.  The  discovery  of  the 
efficacy  of  certain  compounds  in  the  treatment  of  crop  dis- 
eases about  this  time  led  to  a  rapid  awakening  of  the  im- 
portance of  the  subject,  and  for  the  next  few  years  there  was 
a  phenomenal  advancement  in  the  field  treatment  of  plant 
maladies.  Improvements  in  laboratory  methods  also  did 
much  to  stimulate  advanced  work,  and  made  possible  lines 
of  research  which  were  not  practicable  before  the  discovery 
of  such  methods.  What  has  been  accomplished  in  this  field 
alone  has  done  much  to  encourage  applied  work  and  to  show 
the  importance  of  such  work  as  an  aid  to  the  advancement 
of  pure  science. 

It  has  become  the  practice  of  late  to  ignore  the  important 
part  that  systematic  botany  has  played  in  making  known  the 
practical  value  of  plants  to  the  human  race.  In  the  rage  for 
special  problems,  the  fact  is  often  overlooked  that  many  of 
them  owe  their  inception  to  prior  efforts  in  taxonomic  lines. 
It  is  hardly  necessary  or  essential  to  go  into  details  upon  the 
bearing  of  systematic  botany  to  applied  work;  but  in  passing, 
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attention  should  be  called  to  the  great  benefit  that  has  come 
to  the  country  as  a  whole  through  the  important  work  on 
grasses,  forestry,  and  medicine.  Some  of  the  earliest  work  in 
economic  lines  in  this  country  was  based  primarily  on  the 
systematic  study  of  grasses,  the  object  being  to  determine 
their  agricultural  value.  The  early  investigations  of  Vasey 
did  much  to  call  attention  to  the  value  of  applied  botany, 
and  there  has  been  developed  from  this  work  very  important 
and  far-reaching  lines  of  research,  such  as  are  now  being  carried 
on  by  the  U.  S.  Department  of  Agriculture  and  many  of  the 
Experiment  Stations.  This  work,  while  having  for  its  basis 
systematic  studies,  extends  into  broad  fields  of  agronomy 
and  other  lines,  such  as  have  to  do  with  the  improvement  of 
pastures,  or  range-lands,  and  many  other  similar  lines.  The 
same  is  true  of  many  of  the  important  investigations  that  have 
been  carried  on  in  the  matter  of  studying  noxious  plants,  as, 
for  example,  weeds,  etc. 

The  advanced  forestry  work  of  the  present  also  owes  its 
inception,  primarily  to  systematic  studies  which  were  begun 
years  ago,  and  which  are  still  continued  in  order  to  form  an 
intelligent  and  rational  basis  for  many  of  the  advanced  prob- 
lems in  this  field. 

In  medicine  too,  the  study  of  systematic  botany  has  played 
an  important  part.  It  was  the  general  practice  in  the  early 
days  for  physicians  to  be  trained  in  botanical  lines,  and  a  great 
deal  of  our  most  important  information  has  been  brought 
out  by  the  work  of  these  same  physicians.  In  fact,  it  has  gen- 
erally been  considered  necessary  for  physicians  to  be  pretty 
thoroughly  posted  on  botanical  matters;  hence  the  close 
relationship  of  botany  to  the  practice  of  medicine  has  always 
been  recognized.  With  systematic  botany  as  a  basis,  the 
study  of  materia  medica  has  advanced  rapidly  and  has  formed 
an  important  item  in  the  development  of  our  work.  The 
differentiation  of  pharmacy  from  medicine  has  also  led  to 
further  advancement  in  these  lines,  and  has  done  much  to 
advance  the  value  of  the  investigations. 

Probably  in  no  other  field  of  botanical  science  has  the  ap- 
plied work  been  of  more  value  to  mankind    than  in  bac- 
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teriology,  surgery,  and  sanitation.  The  systematic  study 
of  the  causes  of  disease  has  led  to  most  valuable  results,  and 
in  nearly  all  of  these  investigations  the  inception  of  the  work 
can  be  traced  to  one  or  more  lines  of  botanical  science.  Such, 
in  brief,  have  been  some  of  the  advances  in  applied  botany 
in  this  country,  and  with  this  somewhat  hasty  sketch  in  mind, 
let  us  turn  our  attention  to  the  future  and  consider  what 
opportunities  are  before  us,  and  along  what  lines  our  efforts 
should  be  put  forth  in  order  to  achieve  the  highest  and  best 
results. 

Attention  has  already  been  called  to  the  importance  and 
necessity  of  constantly  keeping  in  mind  the  fact  that  in  the 
application  of  science  we  cannot  be  too  careful  as  to  the 
foundation  of  our  work.  In  the  race  for  results  we  are  too 
apt  to  lose  sight  of  this  fact,  and  in  the  end  we  find,  too  late, 
that  our  entire  fabric  has  been  built  of  straw  and  tumbles  to 
earth  at  the  first  gust  of  wind.  It  is  necessary,  therefore,  in 
looking  to  the  future  development  of  applied  work  in  this 
country,  that  we  should  turn  our  attention,  not  so  much  to 
the  older  men  who  are  already  in  the  field,  but  to  the  younger 
generation  who  are  still  to  come  up,  and  the  training  they 
are  getting,  or  are  to  get,  in  the  various  institutions  of  learn- 
ing throughout  the  country.  It  is  too  true  that  many  of  our 
institutions  of  learning  have  been  slow  to  recognize  applied 
science;  and  even  now,  with  all  the  demand  for  applied  work, 
little  or  no  effort  is  being  made  to  put  this  work  on  the 
basis  where  it  belongs.  The  training  in  applied  lines  at  this 
time  is  meeting  with  much  the  same  opposition  that  science 
itself  did  when  first  introduced  into  our  colleges — especially 
science  as  taught  by  laboratory  methods,  rather  than  science 
as  taught  by  handing  down  from  year  to  year  doubtful  know- 
ledge long  stored  in  dusty  tomes.  There  was  a  time,  and  not 
so  far  distant,  either,  when  to  be  a  student  in  a  science  course 
in  some  of  our  institutions  required  considerable  moral 
stamina;  but  all  this  is  changed  with  respect  to  science,  yet 
there  still  lingers  that  inherent  hostility  to  all  things  prac- 
tical, as  is  most  strikingly  emphasized  in  institutions  where 
applied  work,  such  as  agriculture,  engineering,  etc.,  is  made 
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a  part  of  the  regular  course.  With  the  great  increase  of  wealth 
in  this  country  and  the  commendable  spirit  being  manifested 
in  the  endowment  and  establishment  of  institutions  of  learn- 
ing, the  fact  must  not  be  lost  sight  of  that  there  may  be  some 
danger,  as  has  been  pointed  out,  in  building  up  an  "educated 
proletariat,"  a  class  who,  as  specialists,  will  care  more  for 
getting  their  names  attached  to  abstruse  technical  brochures 
than  they  will  for  a  treatise  that  will  enable  some  struggling 
mortal  to  make  life  less  a  burden.  Someone  has  truly  said 
that  the  danger  from  education  is  not  so  much  from  its  quan- 
tity as  from  its  character,  so  that  it  is  the  character  of  our 
training  that  should  receive  most  careful,  conscientious  and 
considerate  thought. 

This  leads  us  now  to  a  consideration  of  the  nature  of  the 
training  our  young  men  should  receive  in  order  to  fit  them 
more  especially  for  the  opening  fields  of  labor  in  applied 
botany,  and  at  the  same  time  make  good  citizens  of  them, 
whether  they  go  into  the  work  in  question  or  some  other 
equally  important.  Pure  science,  of  course,  must  form  the 
ground  work  for  this  training,  but  in  addition  to  that  there 
should  be  parallel  with  it,  throughout  the  entire  course,  a 
rigid  system  of  training  in  the  application  of  science  to  the 
practical  affairs  of  life.  It  is  needless  to  say  that  we  do  not 
have,  anywhere  in  this  country,  at  the  present  time,  such  a 
course  of  training  in  botany ;  and  for  this  reason  the  men  who 
go  into  this  kind  of  work  must  receive  their  training  in  large 
part  after  the  college  doors  close  on  them.  I  do  not  wish  to 
be  understood  as  implying  that  this  state  of  affairs  is  due  to 
our  teachers,  for  most  of  them  recognize  the  fact  just  men- 
tioned and  are  doing  everything  in  their  power  to  overcome 
it.  The  trouble  is  with  our  system  of  education  as  a  whole, 
but  more  directly  the  body  politic,  which  has,  ever  since 
mind  training  began ,  given  preference  to  the  ornamental  rather 
than  the  useful.  Nothing  has  done  so  much  to  weaken  this 
idea  in  the  human  mind  as  science  itself,  and  nothing  can  so 
strengthen  science  in  what  it  can  further  do  in  this  direction 
as  to  teach  its  broad  practical  application  to  the  affairs  of 
life.     It  would  seem,  therefore,  that  the  time  is  ripe  for  some 
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decided  action  leading  to  a  clearer  understanding  as  to  the 
methods  whereby  the  increasing  demand  for  men  trained  in 
applied  botanical  work  may  be  met.  The  National  Govern- 
ment alone  is  spending  close  on  to  a  million  dollars  a  year 
in  this  work,  and  the  demand  for  the  right  kind  of  men  far 
exceeds  the  supply.  In  fact,  the  Government,  through  lack 
of  properly  trained  men,  has  been  forced  to  undertake  the 
training  itself,  a  course  which  would  not  be  necessary  if  the 
proper  co-operation  could  be  secured  from  the  colleges.  Here 
is  a  subject  which  might  very  properly  be  taken  up  by  this 
Association,  and  more  especially  this  Section,  as  it  is  one  in 
which  most  of  us  are  either  directly  or  indirectly  interested. 
I  have  dwelt  upon  it  somewhat  in  detail,  as  it  has  seemed  to 
me  the  foundation  upon  which  all  other  matters  are  built. 
With  the  men  that  we  have  and  the  men  we  can  get,  what 
then  are  some  of  the  problems  with  which  applied  botany  in 
the  future  can  hope  to  deal? 

With  the  opening  of  new  territory  during  the  past  few 
years  there  has,  of  course,  developed  a  need  for  still  broader 
work,  for  we  are  now  especially  pressed  for  tropical  investi- 
gations, which  we  are  unable  to  meet  through  lack  of  equip- 
ment and  lack  of  properly  trained  men.  Moreover,  another 
and  equally  important  field  has  been  opened  through,  the 
rapid  extension  of  our  population  into  the  arid  and  semi- 
arid  regions,  and  the  demand  from  these  people  for  light  on 
many  subjects,  which  we  are  illy  prepared  to  give.  It  seems 
to  me  that  everything  points  to  the  fact  that  the  heavy  de- 
mands for  applied  botanical  work  for  the  next  fifty  years 
will  be  mainly  in  the  field  of  plant  physiology  and  pathology. 
The  two  subjects  are  intimately  connected,  and  while  there  will, 
of  course,  be  many  physiological  problems  pure  and  simple 
somewhere  and  at  some  time,  these  problems  will  be  found 
closely  associated  with  pathological  phenomena. 

Reverting  to  our  western  conditions,  arid  and  semi-arid, 
there  are  many  questions  which  demand  immediate  atten- 
tion, and  which  have  an  important  bearing  on  the  future  de- 
velopment of  the  country.  Such,  for  example,  are  those 
which  have  to  do  with  the  water  supply  of  plants  and  with  the 
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bearing  of  water  supply  on  plant  production.  Irrigation  is 
now  an  important  factor  in  our  industrial  and  commercial 
development,  and  the  problems  associated  with  it  must  be 
reckoned  with.  In  the  past,  the  work  in  this  field  has  been 
mainly  of  an  engineering  nature,  such  as  the  question  of  secur- 
ing water  and  bringing  it  as  economically  as  possible  to  the 
plants.  Now  arise  more  far-reaching  questions,  such  as  how 
to  handle  this  water  in  a  way  to  attain  the  desired  maximum 
results  with  the  least  expenditure  of  time  and  money.  Given 
water,  soil  rich  in  plant  food,  and  proper  heat  and  light,  the 
productive  power  of  plants  is  great  if  the  requisite  know- 
ledge is  present  as  to  how  best  to  utilize  what  nature  and  art 
supply.  Such  problems  as  these  must,  for  the  most  part,  be 
worked  out  in  the  field,  but  the  field  must  be  made  to  take 
the  part  of  a  laboratory,  for  laboratory  methods  on  an  ex- 
tensive scale  must  be  employed. 

What  is  the  effect  of  varying  quantities  of  water  on  the 
longevity  of  a  plant ;  how  is  the  production  of  fruit  and  foliage 
affected  by  the  water  supply ;  how  far  can  time  of  ripening, 
color,  keeping  qualities,  and  resistance  to  diseases  and  insect 
attacks  be  controlled  through  the  ability  to  control  the  amount 
of  water  used  ?  These  problems,  on  their  face,  appear  simple, 
but  they  are  important  ones,  and  to  throw  light  upon  them 
there  must  be  most  careful  studies  in  a  number  of  fields. 
Chemistry  will,  of  course,  enter  into  these  studies,  but  it  must 
be  a  living,  vital  chemistry,  if  I  may  use  such  a  term,  and  not 
the  mere  question  of  ash  determinations.  Closely  related 
to  the  problems  involved  in  water  supply  are  those  which  have 
to  do  with  so-called  alkali  soils  and  their  effects  on  vegetation. 
A  question  of  supreme  importance  to  the  development  of  our 
western  country  is  to  know  more  of  the  effects  of  various 
mineral  salts,  severally  and  combined,  on  plants.  With  such 
complicated  problems  as  present  themselves  to  the  investi- 
gator in  this  field,  it  is  not  safe  to  base  any  conclusions  on 
the  knowledge  of  how  plants  behave  in  a  laboratory,  where  the 
action  of  a  single  salt  or  simple  combination  of  salts  has  been 
determined.  The  fact  that  individual  plants  show  marked 
differences  in  their  ability  to  resist  the  poisonous  effects  of 
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alkali  salts  opens  up  an  interesting  field  in  the  matter  of  plant 
selection  and  plant  breeding.  Wherever  crops  are  grown  in 
alkali  soils,  especially  under  irrigation,  the  power  of  certain 
of  these  plants  to  make  better  growth  and  give  greater  yields 
than  their  nearby  neighbors,  has  been  noted. 

Profiting  by  these  facts,  an  important  field  opens  in  the 
matter  of  developing  alkali-resistant  plants,  having  the  power 
to  give  relatively  large  yields  in  the  presence  of  an  unusual 
amount  of  soluble  salts  in  the  soil.  Some  interesting  sug- 
gestions have  been  made  in  this  direction  by  the  recent  work 
of  Kearney  and  Cameron,  and  the  same  investigators  have 
also  pointed  out  the  great  economic  advantages  that  may 
result  from  the  combination  of  two  or  more  salts  which, 
individually,  may  be  dangerous,  but  when  combined  have 
the  opposite  effect  on  plant  growth. 

The  nature  of  the  problems  here  briefly  reviewed  shows  the 
broad  scope  of  physiological  investigations,  for  they  merge 
at  various  places  into  ecology,  pathology,  chemistry,  and 
physics.  There  is,  furthermore,  shown  the  futility  of  attempt- 
ing to  solve  such  problems  along  one  line  of  cleavage,  for  it 
cannot  be  done  with  any  degree  of  satisfaction. 

Aside  from  the  problems  mentioned,  the  field  for  applied 
work  in  plant  nutrition  is  large.  The  physiological  roll  of 
mineral  nutrients  in  plants  is  little  understood,  and  the  effects 
of  mineral  nutrients  on  growth,  singly  and  combined,  should 
be  explained.  The  power  to  control  profitable  plant  produc- 
tion through  a  better  knowledge  of  plant  foods  is  recognized, 
but  there  is  yet  much  to  do  in  the  matter  of  making  clear 
little  known  or  obscure  questions  on  this  subject.  In  the 
problems  connected  with  the  acquisition  of  nitrogen,  how- 
ever, are  to  be  found  some  of  the  most  important  practical 
questions  in  this  field.  The  results  already  accomplished 
in  this  direction,  through  the  use  of  proper  nitrifying  ferments, 
have  not  been  as  successful  as  was  anticipated,  but  this  does 
not  indicate  that  future  work  may  [not  be  made  more  profit- 
able. There  is  much  to  be  done  in  the  way  of  investigating 
the  life  history  of  bacteria  inhabiting  the  root  tubercles  of 
legumes,  for  unless  such  questions  are  better  understood  it 
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will  not  be  practical  to  apply  our  knowledge  in  any  far-reach- 
ing way.  The  time  will  doubtless  come,  however,  when  our 
knowledge  of  the  nitrifying  organisms  will  be  sufficient  to 
enable  us  to  apply,  in  a  much  broader  way,  the  use  of  pure 
cultures  of  such  organisms  in  general  field  work.  Already 
encouraging  results  have  been  obtained  in  this  direction,  and 
steps  are  being  taking  to  extend  the  practical  application  of 
these  results  as  rapidly  as  circumstances  will  warrant.  The 
future  success  of  this  work  will  no  doubt  depend,  in  large 
measure,  upon  the  ability  to  properly  grow  the  nitrifying 
organisms  in  large  quantities  and  at  an  expense  which  will 
not  curtail  their  use;  and  then  to  be  able  to  distribute  the 
organisms  in  such  a  way  that  the  farmer  himself  may  use 
them  at  little  expense,  but  with  sufficient  profit  to  pay  for  his 
trouble.  It  will  be  seen,  therefore,  that  while  these  may 
appear  as  simple  problems,  when  looking  at  them  from  the 
purely  utilitarian  view,  there  is  much  work  to  be  done  in  the 
laboratory,  under  rigid  scientific  conditions,  before  satisfactory 
conclusions  can  be  reached. 

It  is  in  connection  with,  the  problems  bearing  on  plant 
breeding  and  the  selection  of  plants  better  adapted  to  meet 
the  special  requirements, that  some  of  the  broadest  questions  of 
applied  botany  can  be  brought  to  bear.  While,  as  already 
explained,  plant  breeding  is  more  or  less  of  a  composite  science 
and,  to  a  certain  extent,  an  art,  physiology  is  after  all  the 
basis  for  most  of  the  work.  There  is  much  need  for  further 
research  work  in  the  field  of  reproduction  and  heredity,  espe- 
cially with  a  view  to  obtaining  light  on  many  practical  ques- 
tions which  are  bound  to  come  up  within  the  next  few  years 
if  applied  investigations  are  to  have  their  proper  place.  Ad- 
mitting the  necessity  of  these,  it  would  seem  that  some  of  the 
more  practical  problems  that  must  be  considered  within  the 
near  future  will  have  to  do  with  obtaining  light  on  such  matters 
as  the  securing  of  plants  adapted  to  particular  purposes  and 
to  particular  regions.  As  population  increases  and  compe- 
tition in  all  lines  of  agricultural  production  becomes  keener, 
the  need  for  securing  plants  better  adapted  to  certain  con- 
ditions and  which  can  be  produced  at  a  minimum  expense, 
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will  become  greater"  and  greater.  In  the  South  there  is  already 
felt  the  urgent  need  for  improved  kinds  of  cotton  varieties 
that  will  give  greater  yields  and  finer  staple, in  order  that  cheap 
labor  of  foreign  countries  can  be  competed  with.  There  is 
also  a  demand  for  improvement  in  other  plants  adapted  to 
the  South,  which  will  enable  the  southern  agriculturist  to 
more  generally  diversify  crops. 

We  have  been  told  at  former  meetings  of  this  Association, 
by  members  of  other  sections,  that  within  a  comparatively 
short  time  the  United  States  will  not  be  able  to  grow  the 
amount  of  wheat,  and  possibly  other  cereals,  needed  for  con- 
sumption. These  statements  are  based  on  our  present  yields 
and  the  increasing  demand  of  population.  If  the  figures  are 
true  it  would  seem  important  that  attention  be  drawn  to 
the  securing  of  varieties  of  wheat  better  adapted  to  existing 
conditions  and  yielding  larger  quantities  of  grain.  This 
is  a  perfectly  legitimate  field  for  applied  botanical  work, 
and  what  has  been  accomplished  already  indicates  that  much 
can  be  done  in  the  direction  of  largely  increasing  the  possi- 
bilities of  this  country  in  the  matter  of  cereal  production. 
What  is  true  of  cotton  and  cereals  is  also  true  of  many  other 
crops,  so  that  it  is  unnecessary  to  go  into  detail  as  to  what 
might  be  accomplished  in  the  way  of  causing  not  only  an  in- 
creased output,  but  improving  the  quality  of  the  output  as 
well. 

Associated  with  the  work  of  plant  breeding,  and  more  or 
less  closely  related  to  it,  is  another  important  field  which  has 
for  its  object  the  studies  of  life  histories  of  principal  crop 
plants,  with  a  view  to  determining  the  environmental  condi- 
tions necessary  for  successful  growth.  This  work,  of  course, 
covers  a  broad  field,  as  it  involves  knowledge  of  the  require- 
ments of  climate  and  soil,  and  really  merges  into  the  broader 
territory  of  ecological  work.  The  problems  involved  carry  with 
them  not  only  the  question  of  plant  adaptations,  but  the 
matter  of  introducing  new  plants  from  foreign  countries  and 
the  broader  dissemination  of  plants  already  existing  here  and 
which  give  promise  of  more  profitable  yields  under  changed 
conditions  of  environment. 


B.   T.    GALLOWAY.  477 

With  proper  studies  of  soil  and  climate,  the  possibility  of 
more  intelligently  defining  the  areas  adapted  to  certain  crops 
will  become  greater.  After  all,  however,  the  vital  questions 
involved  in  this  problem  will  depend  largely  upon  actual  ex- 
perimentation, as  those  most  familiar  with  successful  crop 
production  know  how  unsafe  it  is  to  generalize  in  such  matters. 
The  success  or  failure  in  growing  a  certain  crop  often  depends 
on  differences  in  soil  and  climate  so  slight  that  present  instru- 
ments cannot  determine  them,  although  the  plant,  with  its 
power  to  respond  to  immeasurable  stimuli,  can  do  so. 

In  the  field  of  pathology  the  opportunities  for  applied  work 
in  the  near  future  will  be  great.  We  are  all  agreed  that  the 
more  or  less  empirical  methods  of  handling  plant  diseases  has 
about  reached  an  end.  It  served  a  useful  purpose  in  point- 
ing out  practical  ways  of  controlling  some  of  the  common  and 
destructive  plant  maladies,  and  enabled  those  who  were  look- 
ing to  the  future  to  create  a  sentiment  making  possible  better 
and  more  far-reaching  work.  We  do  not  agree  with  those, 
however,  who  hold  that  the  time  is  at  hand  when  we  can 
afford  to  stop  the  propaganda  of  actual  field  treatment.  In 
fact,  we  are  more  and  more  convinced  that  one  of  the  greatest 
opportunities  for  bringing  home  the  practical  value  of  path- 
ological studies  will  be  to  undertake  at  once,  on  an  extensive 
scale,  what  may  be  called  demonstration  experiments.  A 
propaganda  in  this  field,  conducted  by  and  depending  upon 
publications  alone,  no  matter  how  practical  such  publica- 
tions are,  will  necessarily  be  slow;  but  when  the  work  can  be 
carried  into  the  field  and  be  made  to  serve  as  an  object  lesson, 
the  impression  made  is  lasting  and  convincing. 

One  of  the  problems,  therefore,  for  the  future,  in  this  work, 
is  how  to  insure  the  application  of  the  investigations  made, 
and  to  so  conduct  the  work  that  it  will  all  go  toward  the  de- 
velopment of  a  system  of  plant  pathology  which  will  build 
up  and  strengthen  the  science.  Recognizing  the  importance 
and  necessity  for  the  application  of  remedial  measures  in  the 
form  of  fungicides,  to  which  the  foregoing  remarks  mainlv 
apply,  we  may  turn  our  attention  from  this  art,  for  so  it  is, 
to  other  methods  of  applied  work  in  this  particular  field  of 


478  SECTION    G. 

botany.  The  future  of  other  lines  of  applied  work  all  hinges 
on  a  recognition  of  the  possibilities  within  the  plant  itself, 
its  plasticity  and  ability  to  hange,  the  effects  of  environment 
and  the  means  of  controlling  environment,  or  controlling  the 
plant  to  meet  the  requirements  of  environment,  to  the  end 
of  securing  desired  results.  Here  again,  the  breeding  of  plants 
will  enter  and  furnish  the  means  of  overcoming  diseases  by 
selection  of  resistant  varieties  from  those  already  existing 
and  the  creation  of  new  varieties  having  the  desired  charac- 
teristics. Here,  too,  arises  the  question  as  to  what  factors 
govern  resistance  to  disease,  and  how  may  these  factors  be 
determined  and  controlled.  Why  is  it  that  the  most  successful 
production  of  a  plant  is  often  reached  when  its  ability  to 
resist  the  attacks  of  organisms  or  to  succumb  to  functional 
disorders  is  at  a  minimum,  or,  expressing  it  in  a  somewhat 
paradoxical  way,  why  is  a  plant  weakest  when  it  is  apparently 
most  vigorous? 

Proper  knowledge  on  many  of  the  problems  involved  in  the 
questions  here  presented  will  make  it  possible  to  apply  it  in 
securing  crops  at  far  less  risk  than  at  present,  and  will  tend  to 
make  the  occupation  of  plant  growing  less  a  matter  of  guess 
work  than  it  is  now.  No  rational  system  of  pathology  can 
be  developed,  furthermore,  without  due  attention  to  proper 
field  hygiene,  the  rotation  of  crops,  and  other  similar  means 
of  surrounding  the  plants  with  healthful  conditions.  Some 
of  the  principal  lines  of  work,  therefore,  in  the  future,  in  this 
field,  will  be  in  the  direction  of  giving  a  broader  application 
to  existing  knowledge  on  the  question  of  treating  plant  diseases 
by  means  of  fungicides,  to  the  development  of  new  forms 
better  able  to  resist  diseases  and  suitable  for  special  conditions, 
to  the  handling  of  plants  so  as  to  better  adapt  them  to  con- 
ditions at  the  present,  and  to  the  improvement  of  field  methods 
to  the  end  of  securing  vigorous  growth  by  furnishing  condi- 
tions needful  to  the  highest  production  of  the  crop. 

Of  the  future  problems  in  other  lines  of  applied  botany,  it  is 
not  necessary  to  speak  in  detail.  Suffice  it  to  say  that  in  the 
broad  field  of  forestry,  agrostology,  and  pharmacology,  sys- 
tematic  botany    will    always   play    an    important    part.     In 
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agrostology,  especially,  which  has  now  come  to  be  understood 
as  covering  the  study  of  not  only  the  true  grasses  but  all  forage 
crops  as  well,  the  field  for  applied  work  is  exceedingly  broad. 
With  the  rapid  settlement  of  the  East  and  the  utilization  of 
our  arable  western  lands  for  crops,  the  area  for  the  mainte- 
nance of  stock  is  becoming  less  and  less.  Thus  is  developed 
the  necessity  for  a  better  understanding  of  methods  of  im- 
proving and  maintaining  our  pastures.  The  production  of 
larger  quantities  of  forage  from  given  areas,  and  the  im- 
provement of  our  range  lands  to  the  end  of  enabling  them  to 
support  an  increasing  number  of  cattle,  are  some  of  the  other 
important  problems  in  this  field.  These  broad  questions 
will,  of  course,  involve  to  a  certain  extent  systematic  studies 
of  native  floras,  the  changes  which  may  result  from  the  shift- 
ing of  plants  from  one  place  to  another,  and  the  opportunities 
that  may  arise  from  the  introduction  of  new  forms  and  the  im- 
provement of  those  already  present. 

Within  the  last  few  years  it  is  fortunate  that  a  well  defined 
forest  policy  has  been  developed,  so  that  in  the  future  the 
growth  of  this  work  will  be  largely  in  a  distinct  field.  Botan- 
ical investigations,  however,  will  always  play  a  more  or  less  im- 
portant part  in  all  matters  pertaining  to  the  subject,  espe- 
cially systematic  studies  of  the  tree  floras  and  the  applica- 
tion of  these  studies  to  questions  having  to  do  with  reforesta- 
tion and  the  protection  of  existing  forest  areas.  The  applied 
botanical  work,  in  connection  with  future  problems  in  pharma- 
cology, will  be  considerable.  Systematic  studies  of  plants 
used  in  pharmacy,  the  introduction  and  cultivation  of  such 
plants  with  a  view  to  increasing  their  usefulness,  all  come 
within  this  scope  of  applied  botanical  research.  The  study 
of  tropical  plants,  which  has  already  been  referred  to,  is  also 
bound  to  play  an  important  part  in  the  near  future  in  the 
matter  of  the  development  of  our  insular  possessions.  As 
yet,  we  have  very  little  satisfactory  information  as  to  the 
possibilities  of  tropical  agriculture,  especially  as  concerns  our 
own  country ;  and  it  would  seem  that  some  of  the  first  problems 
will  have  to  do  with  systematic  studies  of  the  field  to  deter- 
mine existing  possibilities,  with  a  view  to  applying  them  in 
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the  near  future  in  a  practical  way.  There  are  numerous 
practical  questions  having  an  important  bearing  on  all  tropical 
work  which  must  receive  attention  before  any  final  conclu- 
sions can  be  reached  in  regard  to  the  successful  growing  of 
crops  in  these  regions.  These  questions  have  to  do  with  the 
interrelation  of  the  plants  themselves  to  the  development  of 
the  existing  system  of  tropical  agriculture,  so  that  reallv  a 
systematic  study  of  our  tropical  floras  would  seem  one  of  the 
first  requisites  as  offering  a  key  to  the  future  solution  of  other 
and  more  general  problems. 

Bacteriology,  in  its  relation  to  surgery  and  sanitation,  has 
passed  out  of  the  field  of  applied  botany,  but  problems  will 
still  arise.  Systematic  studies  of  the  bacteria  may  be  essential 
to  the  successful  prosecution  of  certain  phases  of  this  work.  It 
is  hardly  necessary  to  refer  to  these  questions  in  detail,  and  I 
may,  therefore,  conclude  this  somewhat  hasty  and  general 
sketch  of  the  possibilities  of  applied  botanical  work,  as  we  see 
them,  by  again  calling  attention  to  a  fact  which  becomes 
more  and  more  evident  as  we  look  into  work  of  this  nature, 
and  that  is,  how  thoroughly  we  are  all  dependent  on  others 
for  aid,  not  only  in  our  own  field  of  science  but  other  fields  as 
well.  Like  our  social  fabric,  science  for  science's  sake,  and 
applied  science,  are  becoming  more  and  more  a  delicately 
complicated  system,  capable  of  endless  harmonious  expan- 
sion if  viewed  aright,  but  leading  to  possible  endless  discord 
if  handled  wrong.  How  essential,  therefore,  that  the  broadest 
spirit  of  tolerance  should  be  cultivated,  for  no  matter  how 
small  or  how  humble  a  piece  of  real  work  is,  somewhere  and 
some  time  it  may  be  made  to  form  a  part  of  an  harmonious 
whole.  While  this  is  a  practical  age,  and  while  the  demand  is 
heavy  for  practical  results,  we  should  not  forget  that  there 
are  ages  to  come  after  us — ages  that  may  demand  something 
different  from  what  the  majority  of  us  are  producing  now;  and 
for  this  reason  the  laborer  in  some  obscure  field  should  not  be 
forgotten,  for  it  perhaps  may  be  that  his  work,  now  little 
known  or  understood,  may  in  the  future  take  its  place  in  the 
building  up  of  mankind. 
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PREHISTORIC  PORTO  RICO. 


It  has  been  customary  for  the  Vice-President  of  this  Section 
of  the  Association  to  present  in  his  retiring  addressjcertain 
general  conclusions  to  which  he  has  been  led  by  his  own  special 
studies  or  those  of  his  contemporaries.  But  it  has  not  been 
regarded  as  out  of  place  for  him  to  outline  new  and  promising 
fields  of  research  or  to  indicate  lines  for  future  development 
of  oui   science. 

Late  historical  events  have  brought  into  our  horizon  new 
fields  for  conquest  and  opened  new  vistas  for  anthropological 
study.  In  the  last  years  the  political  boundaries  of  the 
United  States  have  been  so  enlarged  that  we  have  come  to  be 
regarded  a  "world  power,"  and  with  this  growth  new  colonies 
beyond  the  seas  now  form  parts  of  our  domain.  With  this  new 
epoch  certain  broad  scientific  questions  have  come  to  present 
a  special  claim  on  our  students,  and  we  have  been  brought 
closer  than  ever  before  to  problems  concerning  other  races 
of  man  besides  the  North  American  Indian.  Great  fields  of 
work  attract  our  ethnologists  to  the  far  East  and  the  islands 
of  the  Pacific,  and  these  new  problems  will  occupy  our  atten- 
tion with  ever  increasing  interest  in  years  to  come  as  Anthro- 
pology advances  to  its  destined  place  among  sister  sciences. 
It  is  natural  and  eminently  fitting  that  attention  at  this  time 
should  be  directed  to  some  of  the  new  anthropological  prob- 
lems before  us,  and  I  have  chosen  as  a  subject  of  my  ad- 
dress, Prehistoric  Porto  Rico,  and  the  Antillean  race  which 


488  SECTION    II. 

reached  its  highest  development  in  our  new  possessions  in  the 
West  Indies. 

Among  all  the  acquisitions  which  came  to  the  United  States 
by  the  treaty  of  Paris,  Porto  Rico  is  pre-eminent  from  an 
anthropological  point  of  view.  Fourth  in  size  of  the  Antilles 
it  is  the  most  centrally  placed  of  a  chain  of  islands  reaching 
from  Florida  to  the  coast  of  South  America.  Before  the  com- 
ing of  Columbus  there  had  developed  in  these  islands  a  culture 
sufficiently  self-centered  to  be  characteristic,  and  our  new 
possession  was  the  focus  of  that  culture.  Here  was  found 
a  race  living  in  an  insular  environment  exceptional  on  the 
Western  Hemisphere.  If,  as  the  great  Anthrogeographers 
insist,  anthropological  problems  are  simply  geographical  in 
their  final  analysis,  where  can  we  find  a  better  opportunity 
to  trace  the  intimate  relationship  of  man's  culture  and  his 
surroundings?  Where  was  there  on  the  American  continent 
at  the  time  of  its  discovery  a  people  less  affected  by  contact 
with  other  cultures  or  more  truly  the  reflection  of  climatic 
conditions  ? 

It  may  be  truly  said  that  important  questions  regarding 
migrations  of  the  early  inhabitants  of  the  American  continent 
are  intimately  related  to  the  cultural  character  of  the  pre- 
historic race  which  peopled  the  West  Indies.  Was  this  race 
derived  from  the  great  northern  or  southern  land  masses,  or 
was  it  an  offshoot  from  the  early  inhabitants  of  Yucatan,  the 
great  peninsula  of  Mexico  which  projects  towards  the  end  of 
Cuba?  Many  theories  of  the  peopling  of  these  islands  have 
been  propounded,  but  none  are  regarded  with  full  confidence. 
Although  this  race  was  the  first  seen  by  Europeans,  by  whom 
it  has  been  known  for  the  longest  time,  comparatively  little 
accurate  study  has  been  given  to  it  by  the  anthropologist. 
Documentary  evidences  are  not  meagre,  but  ethnological  data 
are  limited,  for  the  race  disappeared  within  a  few  generations 
after  its  discovery  and  lost  much  of  its  distinctive  character- 
istics by  mixture  with  other  peoples.  Archeology  furnishes 
more  material  bearing  on  the  problem  than  ethnology,  but 
this  material  has  not  been  correlated,  being  widely  scattered 
in  different  museums  in  Europe  and  America,  and  in  many 
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collections  which  remain  in  private  hands.  A  great  amount 
of  archeological  data  yet  remains  hidden  in  the  soil,  awaiting 
the  spade  of  the  explorer. 

Although  English  scientific  literature  on  the  archeology 
•of  Porto  Rico  is  remarkably  limited,  the  subject  has  attracted 
several  anthropologists  whose  works  are  of  highest  importance. 
The  study  of  its  history  and  antiquities  has  been  zealously 
cultivated  by  several  native  Porto  Ricans,  whose  publica- 
tions in  Spanish  are  little  known  to  students  in  the  United 
States,  since  some  of  the  most  important  of  these  contribu- 
tions have  appeared  in  local  newspapers  of  the  island  having 
no  foreign  circulation.  The  main  sources  for  the  more  im- 
portant historical  works  of  more  modern  historians,  are  stan- 
dard writers  like  Oviedo,  Las  Casas,  Hererra,  Muhoz,  and 
Ihigo,  with  notes  by  J.  J.  Acosta  and  rich  unpublished  docu- 
mentary material  by  Tapia  y  Rivera.  The  more  prominent 
modern  Porto  Rican  historians  are  Salvador  Brau  and  Coll 
y  Toste,  who  deal  more  especially  with  historical  epoch, 
while  the  writings  of  Padre  Nazario,  Neumann,  Gandia  and 
Torres,  many  of  which  are  controversial,  are  important  aids 
in  the  same  lines  of  research. 

No  institution  has  exerted  a  more  stimulating  influence 
on  the  local  study  of  Porto  Rican  history  than  the  Ateneo 
Puertorriqueho  of  San  Juan,  which  has  spacious  rooms  on 
the  Plaza  Alfonso  XII,  where  there  is  a  fine  library  and  a 
number  of  portraits  of  famous  Porto  Ricans. 

A  valuable  scientific  publication  on  the  Indians  of  Porto 
Rico,  and  the  only  modern  Spanish  work  which  follows  arch- 
eological methods,  is  by  Dr.  A.  Stahl,  a  native  of  the  island 
educated  in  Germany,  who  has  made  many  important  contri- 
butions to  the  study  of  the  flora  and  fauna  of  the  island. 
This  work,  Los  lndios  Borinquenos,"  appeared  in  1889,  and 
while  criticized  in  unessentials  has  held  its  place  as  a  work  of 
high  merit. 

Prof.  Mason's  accounts  of  the  Latimer  and  Guesde  collec- 
tions, practically  catalogues,  are  the  most  important  archeo- 
logical works  which  have  yet  been  published  on  the  antiquities 
of  the  Antilles.     There  are  manv  scattered  references  in  the 
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writings  of  Stevens,  Dr.  Cronau,  and  other  authors,  which 
augment  this  information  and  practically  complete  the  all 
too  meagre  literature  of  a  great  subject. 

It  would  be  impossible  for  me  in  this  brief  address  to  do 
more  than  outline  in  a  very  general  way  the  prehistoric  culture 
of  Porto  Rico.  I  have  in  preparation  a  more  extended 
account  in  which  I  have  drawn  largely  from  sources  above 
mentioned,  from  an  examination  of  many  archeologieal  speci- 
mens in  private  collections  unknown  to  science,  and  a  personal 
study  of  the  island  on  a  short  reconnoissance  in  April  and 
May  of  the  present  year. 

Ethnology  affords  us  but  scanty  data  in  the  study  of  the 
subject,  for  the  aborigines  have  been  so  changed  by  inter-mar- 
riage with  other  races  that  little  can  be  identified  as  belong- 
ing to  the  precolumbian  life  of  the  island.  Still  in  the  more 
isolated  regions  the  Indian  features  can  be  recognized  and 
certain  customs  peculiar  to  the  island  can  be  traced  to  Indian 
parentage. 

There  are  many  Boriquen  words  in  the  patuis  of  the  moun- 
tainous region,  and  the  rugged  valleys  of  Loquillo,  the  Sierras 
on  the  eastern  end  of  the  island,  as  Yunque  and  Cacique  moun- 
tain, still  have  a  wealth  of  folklore,  part  Spanish,  part  Indian, 
with  a  mixture  of  African,  which  will  reveal  to  the  folklorist 
many  instructive  phases  of  this  subject.  Mr.  Spinosa  has 
already  published  some  of  these  tales  in  a  short  popular  ac- 
count, but  much  in  this  line  yet  remains  to  be  done  in  this 
isolated,  perhaps  the  most  inaccessible  region  of  the  island. 
Many  of  the  mountains  in  this  locality  are  regarded  as  en- 
chanted, and  about  them  cluster  stories  of  St.  John,  the  patron 
saint  of  the  island,  mixed  with  legends  of  old  Indian  Caciques 
and  their  families. 

In  his  note  on  the  name  of  the  mountain  Yunque,  Acosta, 
quoting  from  a  documentary  account  of  Porto  Rico  by 
Presbiter  Ponce  de  Leon  and  Bachillar  Antonio  de  Santa 
Clara  in  1582,  written  by  order  of  the  King,  derives  the  word 
Loquillo  from  the  name  of  a  Cacique  who  lived  in  this  high 
sierra,  but  was  never  conquered. 

According  to  Acosta  this  tradition  of  the  last  surviving  Ca- 
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cique  of  the  island  has  furnished  a  subject  to  Sr.  Tapia  y  Rivera 
for  his  novel  entitled  "El  Ultimo  Borencaho." 

All  the  available  evidence  supports  the  conclusion  that  in 
the  inaccessible  region  of  Porto  Rico  called  Loquillo  we  must 
look  for  the  purest  Indian  blood  among  the  present  moun- 
taineers of  the  island. 

In  the  isolated  valleys  of  this  region  we  still  find  the  old 
Carib  canoe  surviving  in  the  hollowed  out  log  of  wood  by 
which  produce  is  drawn  down  the  slippery  mountain  sides. 
Here  are  also  the  old  forms  of  hammocks  different  from  those 
now  generally  used.  Maize  is  a  staple  article  of  food,  and  the 
primitive  mills  with  which  it  is  ground  date  back  to  a  remote 
past. 

The  prehistoric  inhabitants  of  the  Antilles  from  the  Bahamas 
to  the  coast  of  South  America  belonged  to  one  and  the  same 
stock,  but  differed  in  these  minor  characteristics  which  are  not 
racial.  The  people  of  the  Bahamas,  Cuba,  Hayti.  and  Porto 
Rico,  were  a  mild  agricultural  race  which  had  lost  in  vigor 
what  they  had  gained  by  their  sedentary  life.  The  Caribs, 
or  people  of  the  Lesser  Antilles,  were  more  warlike,  and  their 
ferocity  was  knowm  everywhere  in  the  West  Indies.  Columbus 
heard  of  them  in  his  first  vovage  when  he  landed  on  the 
Bahamas,  and  on  his  second  voyage  his  first  land  fall  was  on 
one  of  the  islands  where  they  lived.  Although  he  saw  little 
of  the  Caribs  on  this  voyage,  he  learned  of  Boriquen  or  modern 
Porto  Rico  from  some  of  the  captive  women,  and  taking  these 
slaves  on  board  his  ship  he  coasted  along  its  southern  shore, 
at  last  landing  on  the  western  end  near  Aguadilla,  filling  his 
water  casks  at  the  famous  spring  at  that  place.  Although 
a  well  known  local  historian  has  questioned  this  as  the  landing 
place  of  Columbus  in  Boriquen,  the  evidence  supports  tradi- 
tion, and  a  beautiful  monument  very  properly  marks  the 
place  where  the  great  Admiral  landed  in  1493.  But  while 
the  majority  of  writers  ascribe  the  discovery  of  Boriquen 
to  Columbus  on  his  second  voyage,  Sr.  Luis  Llorens  Torres 
gives  the  honor  to  another,  and  in  a  well  written  pamphlet  on 
"America"  has  shown  in  a  convincing  way  that  when  Martin 
Alonzo  Pinzon  separated  from  the  great  Admiral  on  his  first 
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voyage   he  visited   Porto   Rico   and  probably   landed  on  its 
shores. 

Dr.  D.  Isaac  Gonzales  Mestizes,  as  quoted  by  Sr.  Torres, 
states  very  clearly  the  arguments  for  the  unity  of  the  pre- 
historic people  of  the  West  Indies,  and  shows  that  the  insular 
Caribs  and  Boriquefios  were  practically  of  the  same  stock. 
There  is  every  evidence  that  while  there  may  have  been,  espe- 
cially among  the  Lucayans,  a  slight  influx  of  blood  from  North 
America,  and  that  the  influence  of  Carib  culture  was  felt  on 
the  art  of  the  coast  people  of  Florida  and  the  coast  dwellers 
•of  other  southern  States,  the  Antilleans  primarily  came 
from  South  America.  Although  Carib  and  Boriquefios  were 
practically  of  the  same  stock  they  differed  somewhat  in  their 
mode  of  life  due  to  climatic  influences,  their  religion,  customs, 
and  language. 

The  former,  although  confined  to  the  Smaller  Antilles,  made 
frequent  predatory  expeditions  upon  the  more  peaceable  in- 
habitants of  Cuba,  Hayti  and  Porto  Rico,  especially  the  latter, 
carrying  away  the  women  as  slaves.  Thus  we  have  in  the 
insular  Carib  communities  men  and  women  speaking  different 
dialects,  showing  idiomatic  differences  in  the  Carib  and  Bori- 
quen  speech,  and  implying  amalgamation  of  the  two  stocks. 
The  incursions  of  the  Caribs  on  the  eastern  coast  of  Porto 
Rico  continued  after  the  Spanish  had  made  settlements  there, 
and  they  raided  and  destroyed  the  town  Naguabo  on  the 
river  of  the  same  name. 

Unfortunately  we  have  no  authentic  cranium  of  a  typical 
prehistoric  Porto  Rican  to  compare  with  that  of  the  Caribs, 
although  it  is  probable  that  skulls  of  this  race  could  be  found 
in  a  systematic  scientific  exploration  of  the  island,  especially 
in  caves  in  the  neighborhood  of  Utuardo,  Ciales,  and  the  more 
inaccessible  parts  of  the  island.  The  name  of  the  cave,  Cueva 
del  Muertos,  not  far  from  Utuardo,  indicates  that  it  was  used 
for  burial  or  disposition  of  the  dead.  These  caves  contain 
many  religious  symbols,  as  rock  etchings,  of  gods  and  grotesque 
forms  of  idols  cut  out  of  stalactites,  showing  that  they  were 
used  by  the  Indians  as  places  of  worship,  refuge,  or  possibly 
of  habitation. 
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When  Columbus  landed  on  the  island  of  Guanahani  the 
first  native  words  he  heard  belonged  to  a  language  which  was 
one  of  the  most  widely  distributed  of  those  of  the  new  world, 
a  tongue  which  with  dialectic  variations  was  the  speech  from 
central  South  America  to  the  coast  of  Florida.  These  dia- 
lectic differences  in  the  speech  of  the  Antilles  aborigines  were 
small,  the  Caribs  of  the  Lesser  West  Indies  and  the  Lucayans 
of  the  Bahamas  being  linguistically  of  the  same  stock,  as  has 
been  repeatedly  pointed  out  by  several  writers,  ancient  and 
modern.  This  same  stock  had  left  traces  of  its  language  and 
peculiar  culture  on  the  Spanish  Main  along  the  coast  of  Mexico, 
which  facts  are  significant,  but  have  led  to  erroneous  views 
of  the  relationship  of  the  aborigines  of  Central  America,  Cubar 
Hayti,  and  Porto  Rico. 

The  accounts  of  the  houses  of  the  prehistoric  Porto  Ricans 
by  Oviedo,  Inigo,  and  others  are  amply  sufficient  to  lead  us 
to  conclude  that  they  did  not  greatly  differ  from  those  of  the 
country  people  to-day.  Stone  or  adobe  buildings  were  not 
constructed,  but  a  fragile  building,  the  frame  of  which  was 
tied  together  with  maguety  fibers  and  covered  with  bark  of  the 
royal  palm  or  yuccas  and  thatched  with  straw,  furnished  a 
home  for  the  prehistoric  inhabitants.  These  houses,  like 
their  modern  representatives,  were  raised  on  posts  to  avoid 
dampness  and  insects,  suggesting  pile-dwellings,  a  feature  of 
house  construction  with  which  the  Caribs  were  familiar. 

In  many  of  the  smaller  towns  of  Porto  Rico  we  still  find  a 
street  lined  with  these  houses  built  in  the  same  primitive  way, 
inhabited  by  poorer  negroes  or  peons.  Some  of  these  modern 
buildings  are  of  the  rudest  construction  and  practically  as 
primitive  as  those  which  Oviedo  described  four  centuries  ago. 

It  appears  from  early  records  that  at  the  time  of  Colum- 
bus' first  visit  the  Indians  lived  in  cabins  scattered  over 
the  island,  but  that  here  and  there  these  primitive  dwell- 
ings were  collected  in  pueblos,  one  of  which  is  described 
by  Murioz  in  some  detail.  It  was  situated  back  from  the 
shore,  and  consisted  of  a  circle  of  these  bohios  surrounding 
the  central  house  of  the  Cacique.  Two  parallel  rows  of 
palisades  forming  an  arbor  united  this  pueblo  with  a  lookout 
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on  the  beach,  which  was  built  somewhat  higher  and  served  as 
a  place  of  observation.  It  is  probable  that  the  plaza  enclosed 
1  >\  the  ring  of  houses  was  the  dance  place,  and  that  the  central 
house  of  the  Cacique  contained  the  clan  idol  and  other  objects 
used  in  the  cult  of  the  inhabitants. 

Similar  villages  are  reported  as  existing  in  Cuba  and  Hayti, 
and  it  was  probably  into  one  of  these  that  the  embassy  of 
Columbus  to  the  Grand  Khan  was  conducted,  when  they 
penetrated  into  the  interior  of  the  former  island.  On  their 
return  to  the  squadron  this  embassy  reported  to  the  Admiral 
that  they  were  escorted  to  a  special  house,  probably  that  of 
the  Cacique,  seated  on  a  wooden  chair,  evidently  a  duho  such 
as  we  now  find  in  several  collections,  made  in  imitation  of  an 
animal,  and  surrounded  by  natives  who  also  had  their  appro- 
priate seats.  The  accounts  clearly  indicate  that  the  Spaniards 
were  regarded  as  supernatural  beings  and  carried  to  the  god 
house  of  the  pueblo,  and  seated  on  the  chair  of  the  gods. 

The  furniture  of  the  house  of  the  ancient  Porto  Rican  was 
limited,  but  ample.  The  bed  was  a  hammock  made  of  the 
leaves  of  the  palm,  maguey,  or  fiber  of  native  cotton.  In 
the  mountainous  regions  of  El  Yunque  primitive  hammocks 
like  those  of  the  ancients  are  still  made,  and  the  palm  fiber 
is  wholly  employed  in  their  construction.  Calabashes  or 
cocoanuts  served  for  household  implements,  as  drinking  cups, 
and  in  the  poorer  parts  of  the  island  are  still  used  for  the 
same  purpose.  We  have  every  reason  to  suppose  that  these 
objects  were  ornamented  with  geometrical  figures,  but  whether 
the  patterns  now  used  in  the  adornment  of  these  objects  have 
been  inherited  from  a  Carib  ancestry  is  yet  to  be  satisfactorily 
made   out. 

Clay  vessels  of  rude  construction  were  used  by  these  Porto 
Rican  Caribs  who  lived  along  the  shore  where  multitudes  of 
fragments  of  these  objects  are  found  to-day  in  several  local- 
ities, one  of  the  best  of  which  is  the  country  about  Cabo  Roja. 
These  clay  vessels  are,  as  a  rule,  of  rude  construction,  un- 
glazed,  their  rims  commonly  adorned  with  raised  heads  repre- 
senting animals  of  grotesque  forms.  The  likeness  of  many 
of  these  heads  to  monkeys  has  led  several  writers  to  ascribe 
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this  pottery  to  races  living  on  islands  or  the  mainland  where 
there  are  simian  genera.  There  are  no  monkeys  in  Porto 
Rico,  where  these  heads  are  found,  and  as  they  are  most 
abundant  along  the  shore  they  or  the  motive  of  their  form 
are  generally  ascribed  to  the  Caribs.  I  have  examined 
several  unbroken  clay  vessels  from  the  island  which  are  un- 
doubtedly of  Carib  manufacture,  all  of  which  were  ornamented 
in  relief  or  intaglio,  and  regard  this  supposed  resemblance  to 
monkey  heads  as  highly  fanciful. 

According  to  the  early  writers  the  Carib  men  and  girls  had 
little  clothing,  but  the  married  women  and  Caciques  wore  a 
woven  cloth  of  palm  fiber  called  nagua  which  apparentlv 
resembled  the  breech  cloth  with  dependent  ends.  In  the 
warm  climate  clothing  was  not  needed  for  warmth  and  a  liberal 
covering  of  paint  protected  their  bodies  from  the  heat  of  the 
tropical  sun  and  the  bites  of  troublesome  insects. 

The  most  characteristic  of  all  objects  made  by  the  Caribs 
were  the  canoes,  with  which  they  navigated  from  island  to 
island  or  travelled  along  the  numerous  rivers  and  lagoons. 
These  crafts  often  reached  a  great  size,  and  were  in  some  in- 
stances made  of  logs  of  wood  hollowed  out  by  fire  and  furnished 
with  oars  and  sails.  If  there  is  one  characteristic  which  more 
than  others  distinguishes  this  Antillean  culture  it  is  the  de- 
velopment of  their  maritime  habits  of  which  these  canoes  are 
the  objective  expression,  but  this  characteristic  was  highly 
developed  before  the  race  landed  on  the  islands.  Canoe 
building  had  reached  a  considerable  development  in  their 
primitive  home  and  made  it  possible  to  move  the  tribes  which 
brought  them  to  the  islands. 

The  number  of  stone  implements  in  collections  from  Porto 
Rico  is  very  large,  including  objects  of  all  sizes  and  many 
shapes.  The  arms  of  warfare  were  mostly  stone  adzes  and 
hatchets  with  wooden  handles,  war  clubs  made  of  ironwood 
of  the  island,  spears,  and  possibly  throwing  sticks.  In  the 
collections  which  were  examined  no  arrow  points  were  found. 
As  a  rule,  the  implements  from  the  Antilles  are  polished 
stone,  but  I  have  seen  two  celts  which  show  marks  of  chipping. 
Most  of  these  implements  were  of  stone,  but  Mr.  Yunghannis 
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of  Bayamon  has  in  his  collection  a  celt  from  Porto  Rico  made 
from  the  lip  of  a  conch  shell  like  those  used  by  the  Caribs  of 
the  Lesser  Antilles. 

The  height  of  culture  attained  by  the  prehistoric  in- 
habitants of  Porto  Rico,  as  shown  by  their  pictography,  has 
been  variously  interpreted,  but  so  far  as  known  the  writing 
of  this  people  was  of  the  rudest  kind,  consisting  of  pictures 
having  the  same  general  character  as  the  pictography  of  the 
North  American  Indians.  Specimens  of  this  work  are 
abundant  in  caves  and  are  found  on  the  flat  slabs  of  stones 
used  in  the  enclosed    dance   plazas  or  on  isolated    boulders. 

The  soft,  easily  eroded  rock  of  the  island  does  not  retain 
this  palaeography  for  any  considerable  length  of  time,  espe- 
cially when  exposed  to  the  weather. 

In  the  caves  on  the  island  there  still  remain  many  excel- 
lent specimens  of  picture  writing,  some  of  the  best  of  which 
are  studied  near  Ciales  and  Aquas  Buenas  in  the  high  moun- 
tains of  the  central  region  of  the  island.  Some  of  the  caves 
are  of  great  beauty,  among  the  most  interesting  of  the  many 
natural  attractions  of  Porto  Rico.  They  were  resorted  to  by 
the  Indians  for  religious  purposes  and  later  for  refuge,  but 
there  is  no  reason  to  suppose  that  they  were  ever  extensively 
peopled,  for  the  ancient  Porto  Ricans  lived  in  the  open  and 
were  not  trogloditic. 

The  article  published  by  Mr.  Kliig  contains  all  that  has 
yet  appeared  in  print  on  Boriquen  pictography,  which  will 
be  more  fully  illustrated  in  my  report  on  a  reconnoissance 
of  the  island  during  the  last  spring.  The  figures  which  were 
studied  appear  to  be  clan  totem  and  other  names  or  symbols. 

From  the  accounts  which  have  been  preserved  there  is 
every  probability  that  the  social  organization  of  the  inhabi- 
tants of  prehistoric  Porto  Rico  was  practically  the  same  as  that 
of  the  American  Indians  in  other  parts  of  America.  The  unit 
of  organization  was  the  clan,  the  chief  of  which  was  called  a 
Cacique. 

It  would  appear  that  certain  of  these  Caciques  had  control 
over  others  governing  large  sections  of  the  island,  and  that  a 
union  of  several  smaller  Caciques  for  mutual  defense  occurred 
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at  rare  intervals.  As  a  rule  there  was  no  such  union ;  Caciques 
of  neighboring  valleys  were  not  friendly,  often  hostile,  mak- 
ing raids  on  each  other.  In  certain  sections  of  the  island  a 
Carib  chief  appears  to  have  raised  himself  to  the  position  of 
governor  of  this  region,  but  in  every  settlement  the  Cacique 
and  his  immediate  relations  had  a  house  larger  than  the 
others  and  centrally  placed,  containing  the  Zemi  or  idol  of  the 
clan.  The  power  of  the  head  clan  man  was  supreme,  his 
wives,  of  which  there  were  many,  were  practically  slaves,  and 
descent  was  apparently  in  the  male  line.  The  Cacique  had 
several  insignia  of  his  rank,  among  which  may  be  mentioned 
bodily  decoration,  a  gold  plate  called  a  guarim  worn  on  his 
breast  and  a  stone  amulet,  beautiful  specimens  of  which  are 
now  preserved  in  several  collections,  tied  to  his  forehead. 

The  names  of  many  of  these  Caciques  are  still  preserved 
as  local  names  on  the  island,  and  it  would  appear  that  local- 
ities were  then  known  by  the  names  of  powerful  rulers.  On 
modern  maps  we  find  the  names  of  Caciques  applied  to  differ- 
ent mountain  chains.  Dr.  Stahl  regards  it  probable  that  the 
names  of  minor  Caciques,  possibly  clan  chiefs,  are  perpetu- 
ated in  names  of  the  modern  towns,  Utuado,  Yubucoa,  Curabo, 
Cavev,  and  many  others.  Aguenaba  is  commonly  stated  to 
be  the  sovereign  ruler  of  all  the  island,  but  his  power  was 
certainly  not  always  recognized,  and  it  would  be  exceptional 
in  primitive  society  to  find  one  man  a  ruler  of  the  island  of 
the  size  of  Porto  Rico. 

Among  supposed  insignia  of  Caciques  should  be  men- 
tioned characteristic  stone  objects  of  ring  form  which  from 
their  form  have  been  called  "Collars."  These  are  often  made 
of  the  hardest  stone  beautifully  polished  and  decorated,  show- 
ing evidences  of  having  been  ornamented  with  inlaid  gold  or 
precious  stones.  The  interpretation  of  these  objects  is  one  of 
the  archeological  enigmas,  for  the  early  historians  are  silent 
regarding  their  use  or  what  they  represent.  The  consensus 
of  modern  opinion  is  that  they  were  worn  by  the  Caciques  as 
insignia  of  rank,  and  the  form  of  many  of  them  favor  this 
conclusion.  Others  are  too  small  and  many  too  heavy  to  be 
carried  either  about  the  neck  or  on  the  shoulders  as  a  kind 
of  bandolier,  which  facts  throw  some  doubt  on  the  theorv  that 
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these  objects  were  ever  worn  on  the  person.  The  older  writers 
are  also  silent  regarding  the  meaning  of  the  elaborate  de- 
signs which  are  cut  upon  them.  A  study  of  these  designs  on 
many  specimens  shows  that  in  some  instances  they  corre- 
spond to  the  head  and  parts  of  the  body  of  certain  stone  idols, 
and  there  is  every  probability  that  these  designs  represent 
forms  of  clan  gods.  Acosta,  in  a  valuable  note  to  the  last 
edition  of  Fray  Inigo's  history  of  Porto  Rico,  refers  to  his  ex- 
amination of  many  specimens  of  these  collars  and  suggests 
that  these  rings  represent  the  bodies  of  serpents  and  upon 
which  stone  heads  were  fitted;  the  whole  represented  a  coiled 
serpent. 

This  is  not  the  place  to  present  all  the  evidence  I  have 
gathered  to  prove  that  these  collar  stones  represent  serpents, 
but  it  may  be  said  that  in  one  of  the  so-called  collars  which 
was  examined  on  my  recent  visit  to  the  island  the  resemblance 
to  a  coiled  serpent  was  so  close  that  its  identity  was  perfect, 
even  the  head  of  a  snake  being  well  represented.  The  animal 
which  it  represented  was  probably  a  serpent  or  some  mythic 
reptile  with  serpentine  body. 

It  may  be  urged  since  snakes  are  so  rare  and  small  in  Porto 
Rico  that  the  natives  would  not  elevate  a  cultus  of  them  to 
the  height  these  stones  imply.  But  it  may  be  said  that  stone 
collars  of  this  kind  are  not  confined  to  this  island,  occurring 
also  where  serpents  are  large  and  deadly.  Moreover,  the 
old  accounts  say  the  Antilleans  had  images  of  snakes,  and 
these  are  the  only  objects  of  serpentine  form.  Although  it  is 
probable  that  these  problematical  rings  were  sometimes  worn 
as  insignia,  there  are  many  others  where  this  explanation 
would  be  impossible. 

Among  the  best  polished  stone  images  found  in  collections 
from  Porto  Rico  are  small  figures  called  amulets,  representing 
frogs,  turtles,  lizards,  birds  and  other  animals.  These  nicely 
worked  specimens  are  commonly  concave  or  slightly  curved 
on  one  side,  being  tied  in  position  by  means  of  a  cord  passing 
through  a  hole  drilled  from  edge  to  edge.  Some  of  the  writers 
of  the  sixteenth  century  mention  the  fact  that  the  Antilleans 
wore  these  amulets  on  their  foreheads,  and  the  object  of  the 
image  appears  to  be  to  indicate  the  clan. 
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As  in  all  primitive  society  the  social  organization  of  the 
Antilleans  was  built  on  a  religious  foundation ;  the  people  were 
governed  by  priesthoods  which  controlled  all  the  public  life 
of  the  people.  Every  Cacique  was  a  priest  in  virtue  of  his 
standing  in  the  clan,  which  was  the  political  unit,  and  as  we 
shall  later  see  it  was  the  religious  and  ceremonial  unit  as  well. 
The  whole  social  and  religious  organization  was  knit  together 
by  a  form  of  totemism  or  tutelary  clan  ancients  worship,  which 
I  shall  call  Zemeism. 

These  priests  were  called  Boii,  or  sorcerers,  and  the  idols 
apparently  often  had  the  same  name  as  the  priesthood.  In 
their  ceremonies  these  priests  represented  ancestors  symbol- 
ically and  naturally  took  the  names  of  that  which  they  repre- 
sented. 

The  functions  of  these  priests  were  much  the  same  as  those 
of  the  priesthood  in  all  primitive  society.  They  performed 
rites  and  ceremonies  connected  with  the  worship  of  ancestral 
gods,  located  diseases  and  bodily  ills  by  magical  methods  and 
practised  an  elaborate  system  of  divination,  which  is  described 
with  more  or  less  detail  in  the  several  early  accounts.  Dis- 
guised as  a  Zemi,  or  hidden  behind  or  near  a  statue  of  the 
same,  these  priests  gave  oracular  responses,  making  use  of 
elaborate  mechanism  to  deceive  those  who  consulted  the 
idols  as  oracles. 

One  of  the  most  remarkable  of  these  prophecies  mentioned 
by  Gomara  in  the  middle  of  the  sixteenth  century  has  become 
historic.  The  father  of  the  Cacique  Guarionix  who  ruled  one 
of  the  five  great  Caciquedoms  of  Hayti  consulted  the  Zemi  re- 
garding the  fate  of  his  gods  and  people,  having  prepared  him- 
self by  fasting  and  purifications,  as  the  customs  of  his  country 
required.  He  received  this  reply:  Before  many  years  there 
would  come  to  the  island  bearded  men  with  bodies  clothed  in 
mail  who  with  one  stroke  of  the  sword  would  sever  men  in 
twain,  would  bring  fire  over  the  land  and  drive  from  the  earth 
the  ancestral  gods,  destroying  time-honored  rites,  and  make 
blood  flow  like  water.  Gomara  comments  on  this  prophecy 
in  his  quaint  way,  adding  that  all  these  evils  have  followed 
in  the  wake  of  the  advent  of  the  Spaniards. 
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In  a  famous  letter  in  which  he  "described  his  first  voyage  to 
America  Columbus  stated  that  the  natives  of  Hispaniolaor 
Hayti  were  without  any  religion,  but  on  a  later  sojourn  in 
their  midst  he  was  able  to  form  more  accurate  ideas  of  their 
manners  and  customs  and  correct  his  earlier  impressions. 
He  found  that  instead  of  being  destitute  of  this  universal 
human  attribute  they  recognized  and  worshiped  many  super- 
natural beings  which  they  represented  by  idols  to  which  they 
gave  the  name  Zemis.  The  Admiral  found  that  they  had 
special  houses  called  temples  set  aside  for  this  purpose  in 
which  these  rude  idols  were  set  up,  and  that  this  cult  was 
practised  by  fraternities  of  priests  who  exercised  the  healing 
art  and  consulted  idols  for  oracular  purposes.  The  idea  of 
a  future  life  was  found  to  be  universal  among  the  inhabitants 
of  the  island.  In  a  work  ascribed  to  Columbus'  son,  Fernando, 
the  general  character  of  this  religion  which  the  great  Ad- 
miral, his  father,  found  in  the  Antilles,  is  set  forth  more  in 
detail,  and  contemporary  writers  supplement  it  with  an  ac- 
count of  the  exoteric  character  of  the  cultus  of  the  natives  of 
Cuba,  Hayti,  and  Porto  Rico. 

It  is  but  natural  that  some  of  these  writers  and  those  of  the 
two  centuries  following  that  in  which  America  was  discovered 
should  have  formed  erroneous  impressions  of  the  nature  of  this 
cultus.  Recognizing  a  well  developed  idolatry  they  sought 
and  found  in  it  to  their  satisfaction  a  god  of  good  and  one  of 
evil,  or  two  supreme  deities,  analogues  of  the  Christian  God 
and  Devil.  There  could  be  no  more  erroneous  and  misleading 
explanation  of  the  meaning  of  Zemeism  than  this,  and  the 
error  is  apparent  when  we  review  the  historical  interpreta- 
tions as  recorded  in  later  writings.  The  misinterpretations 
threw  discredit  on  all  that  had  been  written,  most  of  which 
was  strictly  accurate  so  far  as  statement  of  facts  was  concerned, 
for  while  the  Antilleans  may  not  have  had  the  ethical  gods 
imputed  to  them  by  early  writers,  we  need  not  deny  them  the 
possession  of  a  religious  sentiment  or  agree  with  the  conclu- 
sions of  a  prominent  Porto  Rican  ethnologist  that  everything 
points  to  the  belief  that  the  Boriquen  Indians  were  wholly 
destitute  of  religious  ideas.     There  are  to  my  mind  many  and 
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•conclusive  archeological  proofs  which  practically  support  what 
Columbus,  Roman  Pane,  Oviedo,  P.  Martyr,  and  others  state 
regarding  the  religion  of  the  Antillean,  although  I  am  unable 
to  accept  the  interpretation  of  its  nature  advanced  by  others. 

In  order  to  determine  the  nature  of  the  Porto  Paean  abo- 
riginal cultus  let  us  examine  it  both  historically  and  arche- 
ologically,  or  as  described  in  the  writings  of  those  who  saw 
or  knew  of  it  first  hand  and  have  recorded  their  observations, 
and  from  a  study  of  archeological  material,  a  great  amount  of 
which  has  come  down  to  our  time  in  the  shape  of  idols  and  re- 
ligious paraphernalia. 

Fray  Roman  Pane  says  that  the  Haytian  Caciques  had 
certain  stones  called  Zemis  which  they  religiously  preserve; 
that  each  of  these  has  a  peculiar  virtue;  thus  one  can  make 
grain  sprout,  another  aids  women  to  be  delivered  without 
pain,  and  the  third  is  efficacious  in  bringing  rain. 

It  will  be  evident  to  any  one  who  reads  the  early  accounts 
of  their  images  that  the  same  names  are  applied  indiscrim- 
inately to  the  idol  and  the  spirit  or  magic  power  it  represents, 
indicating  that  one  personates  or  symbolizes  the  other. 

I  shall  later  be  able  to  give  you  some  idea  of  the  shape  of 
some  of  these  Zemi  from  available  archeological  material,  but 
it  is  sufficient  at  this  point  to  note  that  magic  powers  were 
ascribed  to  certain  stones.  Stone  Zemis  are  the  most  numer- 
ous in  all  collections  from  the  Antilles.  But  this  was  not  the 
only  material  out  of  which  these  Zemis  were  found,  for  accord- 
ing to  Oviedo  and  other  writers  various  accounts  have  come 
down  to  us  recording  the  forms  of  these  images.  They  are 
said  to  represent  various  bizarre  animals,  frogs,  turtles,  snakes, 
lizards  and  birds.  They  had  many  specific  names,  and  ac- 
cording to  Fernando  Columbus  each  clan  chief  had  his  own 
tutelary  Zemi  with  a  characteristic  name,  and  Gomarra,  in 
1553,  adds  that  they  were  named  water,  corn,  safety,  and 
victory.  Several  Spanish  writers  state  that  both  sun  and 
moon  were  regarded  as  Zemis  by  the  people  of  Hayti,  and  ac- 
cording to  Charlevoix  these  luminaries  were  supposed  to  have 
originated  from  a  cave  near  Cape  Francois  in  the  northern 
part  of  the  island,  where  there  were  two  large  idols  representing 
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the  sun  and  moon,  and  a  pictograph  evidently  of  the  sun,  and 
niches  for  the  reception  of  minor  idols. 

It  is  an  instructive  and  suggestive  fact  that  the  human  race 
was  believed  to  have  emerged  from  the  same  cave,  and  on 
their  advent  upon  the  earth's  surface  men  had  the  forms  of 
various  animals.  The  strange  parallelism  between  this  belief 
of  the  Antillean  and  that  of  the  aborigines  of  the  continent  of 
America  can  be  readily  explained  by  a  common  theory,  for 
in  both  cases  these  animals  were  clan  totems. 

The  next  aspect  of  the  cult  of  the  Zemis,  as  derived  from 
historical  sources,  is  also  significant  in  attempts  at  interpre- 
tation. Several  of  the  older  authors  speak  of  the  custom 
among  the  Antilleans  of  painting  their  bodies  and  faces,  and 
it  is  distinctly  stated  the  designs  represented  the  Zemis.  It 
is  stated  that  the  Cacique  painted  a  figure  of  his  Zemi  on  his 
body,  following  in  other  words  an  almost  universal  custom 
among  primitive  man  of  decorating  himself  with  his  totem. 
This  usage  of  the  Antilleans,  and  the  statements  of  early 
writers  that  the  figure  painted  on  the  body  represents  a  Zemi, 
reveals  more  clearly  than  aught  else  that  the  design  was  a 
totem,  or  there  is  good  evidence  that  the  totem  as  used  by 
North  American  tribes  referred  primarily  to  a  man's  name  and 
mark,  and  that  etymologically  the  word  refers  to  the  pigment 
or  earth  used  in  painting  a  distinctive  mark  on  the  body.  A 
strict  abhorrence  of  incest,  and  the  necessity  of  bodily  marks 
to  distinguish  members  of  the  same  clan,  naturally  led  to  de- 
signs on  the  body  which  took  the  form  of  animals  and  plants  or 
other  natural  objects.  From  their  simple  method  of  desig- 
nating member  clans  by  bodily  markings,  so  that  a  man  could 
recognize  his  re'atives  has  sprung  a  system  of  theoretical 
totemism  which  has  been  ably  described  by  many  well-known 
writers.  Primarily  the  Zemi  which  the  Antillean  painted  on 
his  body  corresponds  with  the  totem  of  the  North  American. 
Zemeism  is  practically  another  name  for  totemism  and,  as  we 
shall  presently  see,  a  form  of  ancestor  worship. 

Certain  statements  in  some  of  the  older  writers  can  be 
quoted  to  show  that  the  Antilleans  derived  the  clan  from  the 
Zemi  by  descent.       Herrera  speaks  of  Zemis  named  from  an- 
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cestors,  a  statement  Tejada  in  his  valuable  history  of  San 
Domingo  repeats  with  addition.  These  supernatural  beings 
personated  by  images  of  stone,  clay  and  wood,  or  represented 
in  paint  on  the  bodies  of  the  Cacique,  are  said  to  be  ancestral, 
or  representations  of  the  clan  ancients,  pointing  to  the  belief 
that  Zemeism  was  a  form  of  ancients  or  ancestor  worship,  the 
individual  Zemis  being  tutelary  clan  ancients. 

Other  indirect  evidence  of  ancestor  worship  can  be  found  in 
the  descriptions  given  by  early  writers  of  certain  objects  found 
in  the  West  Indies. 

The  sight  of  human  skulls  and  bones  in  Carib  houses  taken 
in  connection  with  the  stories  of  cannibalism  with  which  the 
minds  of  the  early  discoverers  were  filled  naturally  led  to  the 
belief  that  the  Caribs  were  anthropophagous,  and  the  name 
Carib  has  passed  into  literature  as  a  synonym  of  cannibal. 

It  appears  that  the  skulls  of  the  defunct  were  preserved 
and  kept  in  the  houses,  and  it  is  probable  that  the  sight  of 
these  heads  led  to  the  distorted  accounts  of  cannibalism 
among  the  Caribs,  which  was  found  in  the  writings  of  the  six- 
teenth century  and  copied  with  gruesome  embellishments  by 
later  authors.  The  preservation  of  the  skulls  or  other  parts 
of  the  body  of  their  ancestors  is  simply  an  aspect  of  ancestor 
worship  which  runs  through  the  Zemi  cultus,  and  is  all  im- 
portant in  the  religious  ideas  of  all  the  Antillean  aborigines. 
Although  these  preserved  skulls  were  once  so  numerous,  so 
far  as  I  know  only  one  specimen  of  a  human  skull  and  body 
preserved  as  an  object  of  worship  has  found  its  way  into  the 
hands  of  the  collector.  The  object  taken  from  a  cave  near 
Maniel,  west  of  the  city  of  Santo  Domingo,  was  figured  in  my 
article  on  Zemis  from  Santo  Domingo,  and  later  by  Dr.  Cronau 
in  his  work  on  the  history  of  the  discovery  of  America.  The 
body  made  of  woven  fabrics  with  arms  akimbo,  is  in  a  sitting 
posture,  while  the  head  is  a  skull  covered  with  cotton  fabric, 
with  artificial  eyes  inserted  in  the  sockets  of  the  skull.  This 
specimen,  one  of  the  most  instructive  of  all  objects  illus- 
trating the  Antillean  cultus,  was  undoubtedly  reverenced 
and  regarded  as  an  object  of  worship. 

It  is  instructive  in  view  of  the  ancestor   worship   which 
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this  specimen  so  well  indicates  to  refer  to  certain  mortuary 
customs  of  the  prehistoric  Antilleans  as  recorded  by  Oviedo. 
After  describing  the  custom  of  wife  burial  with  the  dead,  he 
says  that  in  the  interment  of  certain  Caciques  the  natives  en- 
velop the  body  in  cotton  cloth,  place  it  in  a  grave  which  they 
cover  with  boughs  and  sticks,  depositing  with  the  dead  the 
objects  he  prized  most  highly.  The  corpse  was  placed  in  the 
grave  in  a  sitting  posture  on  a  seat  called  a  dnho,  and  for  many 
days  after  burial  areytos,  or  ceremonial  dances,  were  held 
in  honor  of  the  dead,  in  which  the  virtues  of  the  deceased,  his 
many  good  deeds  in  peace  or  war  were  extolled.  No  reference 
is  made  to  the  subsequent  fate  of  the  skeleton,  but  it  is  more 
than  likely  that  it  was  later  removed  from  its  grave,  which 
may  account  for  the  failure  of  archeologists  to  find  the 
ancient  Antillean  sepultures. 

The  archeological  material  available  for  the  study  of  the 
Antillean  cultus  is  more  complete  than  the  historical,  for  there 
are  several  large  collections  in  which  many  of  these  objects 
made  of  stone  and  wood  are  found  in  different  museums  in 
Europe  and  America,  and  others  still  remain  on  the  island  of 
Porto  Rico  and  Santo  Domingo,  where  there  are  several  private 
collections  of  great  value.  The  Latimer  collection  in  the 
Smithsonian  and  the  Stahl  collection  in  the  American  Museum 
of  Xew  York  are  the  .largest  in  the  United  States,  while  the 
Neumann  and  Nazario  collections  on  the  island  of  Porto  Rico 
are  of  great  size. 

The  Zemis  from  Porto  Rico  which  I  have  thus  far  studied 
are  made  of  stone,  but  there  is  every  probability  that  others 
made  of  wood,  like  those  known  from  Hayti  and  other  West 
Indian  islands,  will  later  be  found  on  Porto  Rico.  The  small 
clay  beads,  so  common  in  collections  from  this  island,  and 
commonly  called  Zemis  by  local  collectors,  are  not  regarded 
as  such,  but  as  decorative  pottery  fragments  from  broken 
vessels. 

A  typical  form  of  Porto  Rican  stone  idol  has  a  triangular 
form  to  which,  from  a  conical  elevation,  Mason  has  given  the 
suggestive  name  "Mammiform  figures."  The  general  char- 
acter of  these  stones,  and  the  various  bizarre  animal  heads 
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which  they  represent,  answers  all  the  documentary  descrip- 
tions of  Zemis,  and  the  fact  that  they  figured  by  Charlevoix 
with  the  legend  "Zemi"  proves  their  identity.  This  identi- 
fication has  been  questioned  in  some  quarters,  because  in  the 
majority  of  specimens  the  lower  surface  is  concave,  suggesting 
that  they  were  used  as  paint  mortars,  but  in  a  collection  which 
I  have  examined  at  Bayamon  this  surface  is  convex  and  orna- 
mented with  incised  lines,  making  it  impossible  for  them  to 
be  used  as  mortars  or  for  grinding  purposes. 

We  find  these  Zemis  differing  very  greatly  in  size,  in  the  kind 
of  rock  of  which  they  were  made,  and  the  artistic  finish.  It 
is  probable  that  they  were  once  decorated  with  gold  eyes  and 
ear  ornaments  which  additions  have,  however,  long  ago  disap- 
peared. They  represent  frogs,  birds,  reptiles,  and  various  other 
animals  with  bizarre  shapes,  or'carved  to  represent  grotesque 
human  faces  with  body  and  limbs,  as  a  rule  very  reduced  in 
size. 

The  most  problematical  structure  of  the  mammiform  Zemi 
is  a  conical  projection  which  most  of  them  bear  on  their 
backs.  It  suggested  to  Mason  a  symbol  of  the  characteristic 
mountain  of  Porto  Rico  and  other  West  Indian  islands,  the 
whole  stone  figure  representing  the  genius  of  Boriquen  or  a 
myth  analogous  to  the  story  of  Typhosus. 

It  is  interesting  to  note  that  El  Yungue,  the  highest  peak 
of  the  island,  when  seen  from  the  little  coast  town  Loquillo, 
has  an  appearance  that  suggests  a  conicam  Zemi,  a  central 
conical  elevation  with  a  lateral  elevation  on  each  side. 

Thus  far  no  Zemis  made  of  wood  have  been  described  from 
Porto  Rico,  but  several  are  known  from  Hayti,  and  the  other 
Antilles.  These  have  been  found  in  special  niches  in  the  walls 
of  caves,  and  when  used  were  seated  on  god  chairs,  as  several 
authors  have  described.  In  a  report  on  my  late  visit  to  the 
Antilles  I  shall  describe  and  figure  one  of  the  most  perfect 
of  these  wooden  Zemis  which  has  yet  been  recorded. 

From  what  has  been  already  given  regarding  the  character 
of  the  Zemis,  as  deduced  from  historical  and  archeological 
sources,  it  is  possible  to  state  in  resume  the  following  con- 
clusion regarding  the  nature  of  the  worship  which  they  illus- 
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trate.  Roughly  speaking,  Antillean  worship  was  a  form  of 
cultus  called  Zemeism  or  ancestor  worship,  the  Zemi  repre- 
senting the  clan  ancient  or  tutelary  god  of  the  clan.  These 
clan  gods  in  stone  and  wood  represented  the  ancestors  of  the 
clan,  and  were  supposed  to  have  by  virtue  of  their  forms  the 
magic  power  of  the  ancestor. 

The  figures  painted  on  the  bodies  of  the  Caciques  represent 
the  clan  tutelary  beings,  each  different  and  characteristic  as  the 
elan  differed.  There  is  little  doubt  that  when  a  Cacique  was 
thus  painted  with  the  figure  of  his  tutelary  in  his  own  concep- 
tion, as  well  as  in  that  of  his  clan,  he  became  that  supernatural 
to  all  intents  and  purposes,  just  as  when  a  pueblo  Indian  puts 
on  a  mask  with  certain  symbols  he  is  transformed  into  the 
being  which  the  symbolism  of  that  mask  represents. 

Not  only  did  each  Cacique  or  clan  preserve  as  an  object  of 
worship  an  idol  representing  his  tutelary  clan  parent  or  Zemi, 
but  also  his  bodily  decorations  in  certain  dances  and  at  other 
times  represented  that  ancestor.  In  the  occult  or  esoteric 
way  be  became  a  living  personator  of  the  ancestors  worshiped 
by  the  clan  of  which  he  was  chief.  The  painting  of  the  body 
among  the  Antilleans  appears  to  have  taken  the  place  of 
elaborate  masks  so  common  in  North  America,  a  practical 
expedient  which  the  hot  climate  dictated. 

But  the  Antilleans  were  likewise  familiar  with  the  use  of 
masks  in  personations  of  their  gods,  and  while  these  objects 
are  not  directly  described  as  worn  in  their  many  ceremonial 
dances,  there  can  hardly  be  a  doubt  that  Dr.  Chanca  had  this 
usage  in  mind  when  he  wrote  certain  passages  of  his  letter. 
That  the  Antilleans  had  masks  of  ceremonial  import  not  only 
references  to  them  in  the  early  Spanish  writers  show  but 
the  masks  themselves  abundantly  prove.  Moreover,  many 
examples  of  Antillean  wooden  and  stone  masks  exist  in  dif- 
ferent collections.  Some  of  these,  as  one  in  the  Capitol  at 
Hayti,  are  of  a  size  to  fit  the  face;  others  are  too  small  and 
too  heavy  to  be  worn,  so  that  the  probability  is  that  most  of 
these  masks  had  become  highly  conventionalized  in  their  use. 
They  were  not  worn,  but  still  functioned  for  the  same  purpose 
as  if  they  were.     They  represented  symbolically  the  clan  or 
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other  Zemi,  but  face  and  bodily  decoration  made  their  use  as 
coverings  redundant.  There  is  every  probability  they  were 
carried  in  the  hand  or  attached  to  rods  or  other  objects  by 
those  personating  the  Zemis. 

In  strict  accord  with  this  interpretation  of  the  symbolic 
masks  of  stone  and  wood  are  the  repeated  statements  in  the 
early  chronicles  that  they  were  offered  as  gifts  to  those  whom 
the  giver  thought  to  be  supernatural,  an  act  symbolizing  the 
fealty  of  the  clan  god  or  Zemi  to  a  higher  god.  This  is  paralleled 
with  modifications  elsewhere  in  primitive  American  religions. 
Moctezuma  believing  Cortez  a  god,  possibly  Quetzalcoatl,  sent 
him  a  bird  snake  mask  of  wondrous  workmanship.  So,  also, 
the  early  accounts  say  that  on  several  occasions  the  Indians 
of  the  Antilles,  as  symbols  of  friendship  of  fealty,  sent  masks  to 
Columbus.  One  of  these  given  by  the  Cacique  Guacanagari 
to  Columbus  on  his  visit  to  Hayti  is  said  to  have  been  made  of 
wood  with  tongue,  eyes  and  nose  of  massive  gold.  This  object 
was  no  doubt  similar  to  that  now  preserved  in  collections,  and 
probably  resembled  those  of  stone  in  the  Latimer  collection 
of  the  Smithsonian.  Columbus  saw  many  of  these  masks 
in  Cuba  on  his  first  voyage,  and  on  his  return  to  the  ill-starred 
colony  of  Navidad  on  his  second  voyage  was  met  by  an  em- 
bassy of  the  same  Cacique  bearing  two  masks  with  gold  orna- 
ments as  regalia.  These  masks,  no  doubt  in  both  cases,  were 
symbolic  of  the  supernatural  power  or  tutelary  god  of  the 
Cacique.  The  act  of  sending  them  was  one  of  homage  and 
respect  of  himself,  his  clan,  and  the  being  he  worshiped.  It 
is  also  instructive  to  note  as  an  evidence  of  a  widespread 
custom  among  American  aborigines  that  with  one  of  these  sym- 
bolic masks  Columbus  also  received  as  a  present  a  belt  orna- 
mented with  shells,  stones  and  bones  recalling,  as  Dr.  Cronau 
has  pointed  out,  the  wampum  of  North  American  Indians. 

The  worship  of  ancestors,  which  comes  out  so  plainly  in 
all  proper  interpretations  of  Zemeism,  appears  likewise  in  the 
care  of  the  dead  and  the  whole  nature  of  mortuary  customs 
of  both  Carib  and  Boriquenos.  From  the  existence  of  many 
skulls  in  the  houses  of  the  former  it  has  been  supposed  that 
these  people  were  anthropophagous,  but  it  is  probable,  as  has 
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been  shown  above,  that  many  of  these  skulls,  carefully  wrapped 
in  basket  ware  or  woven  cotton  coverings,  were  the  crania 
of  1  heir  own  ancestors  preserved  with  pious  care  and  used  in  the 
rites  and  ceremonies  of  ancestor  worship.  These  skulls,  arti- 
fically  covered  with  cotton  fabrics  and  attached  to  bodies  of 
the  same  material,  were  seated  on  stone  god  chairs  or  duhos, 
and  deposited  in  caves,  but  they  were  also  kept  in  houses  as  the 
early  records  state. 

We  find  in  the  descriptions  of  the  Antilleans  accounts  of 
exercises  called  areitos  which  are  interpreted  as  ceremonial 
dances  in  which  ancestors  were  personated.  Great  stress  is 
laid  by  most  writers  on  the  fact  that  in  these  dances  songs 
commemorating  deeds  of  valor  or  personal  worth  of  the  dead 
were  sung,  and  all  agree  that  they  occurred  on  all  ceremonial 
occasions.  The  short  descriptions  which  have  come  down  to 
us  indicate,  as  a  rule,  that  these  dances  had  a  religious  motive 
in  which  the  praise  of  the  ancestors  was  only  one,  although 
a  most  important  part.  The  areito  was  undoubtedly  a  cere- 
monial dance,  composed  of  rites,  public  and  secret,  accom- 
panied by  semi-religious  games,  dances,  and  various  other  ele- 
ments. In  these  areitos  the  priests  personated  their  ancestors 
as  do  the  pueblos  in  their  Katcinas,  but  with  far  different 
paraphernalia. 

Although  there  is  material  available  in  documentary  history 
for  that  purpose,  it  would  take  me  too  long  to  describe  these 
ceremonial  dances  in  full,  and  I  will  refer  to  one  of  typical 
character  which  may  be  identified  as  a  ceremony  to  the  god- 
dess of  growth,  which  was  one  of  the  best  known  ceremonies 
of  the  prehistoric  Antilleans  having  been  described  by  Gomara, 
Herrera,  Ilakluyt.  and  others.  Charlevoix  gives  a  picture, 
somewhat  fanciful  of  the  dance  accompanying  this  ceremony 
which  is  copied  by  Picart  on  his  great  work  on  the  rites  and 
ceremonies  of  all  people.  The  occurrence  of  this  ceremony  was 
announced  publicly  by  a  town  crier  directed  by  the  Cacique, 
and  consisted  of  a  procession  to  the  temple  or  house  in  which 
the  image  of  the  Earth  .Mother  was  placed.  The  Cacique 
led  the  line  of  dancers,  and  when  he  had  approached  the  en- 
trance to  the  temple  seated  himself  near  the  idol,  vigorously 
beating  a  drum,  to  the  sound  of  which  the  participants  danced. 
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The  procession  was  composed  of  men,  girls,  and  women. 
The  men  had  their  bodies  painted  black,  red,  green  and  other 
colors,  and  wrore  many  ornaments  of  shell,  and  feathers  in  their 
heads.  The  girls  were  wholly  naked,  and  the  women  bore 
baskets  of  cakes  ornamented  with  flowers. 

As  each  member  of  the  procession  approached  the  idol  of 
the  growth  goddess  she  raised  the  flowers  and  baskets  of  cakes 
to  the  god  as  offering  with  prayers.  And  later  these  offer- 
ings were  divided  into  fragments  and  distributed  among  the 
people.  The  public  dance  was  preceded  by  secret  rites,  but 
we  have  only  fragmentary  references  regarding  the  nature  of 
these  rites.  Benzoni  records  that  the  idol  was  decorated 
before  the  arrival  of  the  procession,  and  there  are  several 
references  to  the  sprinkling  of  the  same  with  prayer  meal  as 
occurs  in  all  Hopi  ceremonial  rites.  And  mention  is  like- 
wise made  of  ceremonial  purification  as  a  preparation  for  the 
rites. 

We  have  very  fragmentary  historical  accounts  of  the  shape 
of  the  idol  of  the  Earth  Mother,  and  the  figures  given  by 
Charlevoix  and  Picart  are  probably  more  or  less  fanciful.  In 
these  figures  this  idol  has  five  heads,  each  representing  different 
animals,  with  that  of  the  deer  in  the  center.  As  Pane  and  P. 
Marytr  says  that  the  Haytians  have  several  names  for  an  idol 
in  the  form  of  a  woman,  one  of  which  means  earth  and  the 
other  mother,  I  have  ventured  to  translate  her  name  the 
Earth  Mother,  and  identify  the  ceremony  as  one  for  growth 
of  crops. 

Time  does  not  permit  me  to  describe  in  detail  this  ceremony 
or  to  outline  the  reasoning  which  has  led  me  to  interpret  it 
as  a  festival  of  the  goddess  of  growth,  but  there  is  no  doubt 
that  the  rites  and  dance  before  the  image  of  the  goddess 
Tierra  have  for  their  object  the  growth  of  vegetation  and 
increase  of  the  crops  upon  which  the  Haytian  relied  for  food. 

Judging  from  the  general  life  of  primitive  man  we  are 
forced  to  the  conclusion  that  probably  the  majority  of  all  the 
Antillean  dances  mentioned  by  the  early  Spanish  writers 
were  of  a  religious  nature.  In  them,  as  is  most  universal 
in  primitive  ritual,  rhythm  played  a  most  important   role^ 
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and  they  were  accompanied  by  a  rude  drum  made  of  a  log  of 
wood  or  by  a  rasping  of  a  stick  over  an  elongated  gourd  incised 
with  parallel  lines.  This  latter  instrument  may  be  of  African 
parentage,  but  it  is  still  represented  in  Porto  Rican  folk  music 
and  sold  to  visitors  as  characteristic  of  the  island. 

The  poetic  beauty  of  the  songs  recounting  the  deeds  of  their 
ancestors  in  their  areitos  did  not  escape  the  attention  of  some 
of  the  chroniclers.  We  are  tempted  to  recognize  in  the  Bori- 
quen,  a  national  anthem  of  the  Porto  Ricans,  some  strains 
of  melody  which  may  have  survived  from  aboriginal  times,  and 
the  weird  music  which  one  hears  from  the  palm-covered  house 
of  the  mountaineer  may  yet  be  found  to  contain  Carib  sur- 
vivals. We  know  that  by  royal  edict  of  Ferdinand  in  15 13. 
the  right  of  holding  their  areytos  or  ceremonial  dances  was 
allowed  to  the  enslaved  Indians,  and  perhaps  there  may  yet 
survive  in  the  cabins  of  the  lowly  at  least  some  of  the  melody 
of  the  prehistoric  Porto  Rico. 

Whether  there  were  special  plazas  set  apart  for  these  dances 
is  a  question  of  some  interest,  and  in  this  connection  may  be 
mentioned  certain  level  places  surrounded  by  lines  of  stones 
set  on  edge,  found  in  several  localities  in  the  island.  These 
enclosures  are  ordinarily  supposed  to  have  been  constructed 
for  the  game  of  ball  called  batey ,  and  are  circular  or  rectangular 
in  shape.  Some  of  these  structures  can  still  be  seen  in  the 
mountainous  districts  near  Utuado,  and  the  sources  of  the 
Bayamon  river,  but  the  majority  have  been  destroyed;  the 
flat  bounding  stones  having  been  used  for  pavements  or  other 
purposes.  It  is  conjectured  that  the  rows  of  stones  which 
form  the  periphery  of  these  enclosures  are  the  remains  of 
seats  for  spectators;  the  judges  or  Cacique  occupied  a  seat 
in  the  middle  as  Oviedo  describes.  While  ball  games  may 
have  taken  place  in  them,  it  seems  to  me  highly  probable 
from  their  mode  of  construction,  situation,  and  other  char- 
acters, that  they  were  also  used  as  dance  courts  in  which  were 
celebrated  some  of  the  solemn  religious  ceremonies  of  the  clans. 

From  this  imperfect  sketch  and  much  more  of  like  import, 
which  will  be  developed  later  in  a  more  extended  account  of  An- 
tillean  archeology,  certain  general  conclusions  have  been  drawn 
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which  have  a  relation  to  the  early  migrations  of  man  on  the 
American  continent.  The  peopling  of  the  Antilles  is  believed 
to  have  occurred  at  a  comparatively  modern  date  and  to  have 
been  brought  about  by  an  offshoot  of  the  Arawak  stock  mi- 
grating in  old  times  from  South  America  to  Boriquen  via 
the  chain  of  islands  forming  the  Lesser  Antilles. 

The  peculiar  culture  of  this  race  attained  its  highest  de- 
velopment in  Hayti  and  Porto  Rico,  where  conditions  were 
most  favorable  to  its  growth.  Cuba  and  the  Bahamas  had 
likewise  been  peopled  by  the  same  race,  but  in  neither  of  these 
islands  had  the  culture  attained  the  height  it  reached  in  the 
smaller  islands  mentioned.  The  Lesser  Antilles  exposed  to 
inroads  from  savage  South  American  tribes  of  the  same  stock 
as  those  of  Porto  Rico,  were  unable  from  physical  and  agri- 
cultural conditions  to  reach  the  height  of  the  more  central 
islands.  They  were  practically  the  starting  points  of  the 
foraging  parties,  and  Boriquen  was  constantly  attacked  by 
these  marauders. 

The  cradle  of  the  prehistoric  Antillean  was,  I  believe,  on  the 
banks  of  the  Orinoco  and  its  tributaries  in  the  great  republic 
of  Venezuela.  His  ancestors  belonged  to  the  Aruwak  stock 
of  South  America.  His  culture  having  naturally  developed 
certain  distinctive  features  in  fluviatile  waters  among  great 
forests,  its  ancestors  became  maritime  and  pushed  away  from 
the  coasts  from  island  to  island  until  it  came  to  Boriquen. 
There  a  part  of  the  race  became  sedentary,  but  with  the  adop- 
tion of  this  kind  of  life  it  lost  much  of  its  early  prowess  and 
daring,  retaining  only  certain  linguistic  and  other  kinship 
with  South  American  relatives. 

In  the  same  way  the  Caribs,  another  race  related  but  in  some 
respects,  distinct  in  others,  swarmed  out  of  the  same  Orinoco 
valley,  coasted  from  island  to  island  in  the  wake  of  its  prede- 
cessor, extending  its  incursions  to  Florida  and  our  Southern 
States.  This  race  also  yielded  to  the  insular  environment 
and  commingling  its  blood  with  that  of  the  former  developed 
the  characteristic  culture  we  have  called  Antillean.  These 
two  peoples,  at  first  tribally  distinct,  though  members  of  the 
same  great  stock  by  admixture  and  as  a  result  of  environment 
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were  fast  coming  to  be  homogeneous  and  thoroughly  amalga- 
mated when  the  advent  of  the  Europeans  practically  exter- 
minated the  Boriquenos  and  reduced  the  insular  Carib  to  a 
wretched  remnant  of  one  of  the  purest  native  races  of  America. 

Imperfect  as  are  the  data  now  available  or  possible  to  deter- 
mine the  nature  of  the  prehistoric  Porto  Rico,  I  will  remind 
you  that  the  problem  is  that  of  all  the  Antilles.  We  are  on 
the  threshold  of  a  great  subject  for  judging  from  collections 
of  antiquities  from  the  neighboring  islands.  I  have  no  hesi- 
tation in  saying  that  a  vast  amount  of  new  material  awaits  the 
advent  of  the  archeologist  and  ethnologist  in  these  islands. 

It  is  reported  that  the  terrible  volcanic  eruptions  on  the 
island  of  St.  Vincent  have  blotted  out  the  last  remnant  of  the 
Caribs,  but  while  local  settlements  of  these  people  may  have 
been  destroyed  the  race  is  not  yet  extinct  on  the  Lesser  An- 
tilles, and  is  well  represented  at  various  points  in  South  and 
Central  America.  There  remain  also  the  kindred  people  in 
Guiana  and  Brazil,  to  a  knowledge  of  whose  life  and  customs 
Im  Thurn,  Ehrenreich,  and  Von  den  Steinen  have  added  so 
much,  and  the  relatives  of  the  Caribs  and  Arawak  scattered 
among  the  numberless  tribes  of  the  Orinoco  valley,  that  terra 
::ita  of  American  Ethnology. 

It  is  from  a  view  of  this  kind  over  a  special  field  that  we  get 
some  idea  of  what  there  is  for  the  anthropologist  to  do  in  the 
future  and  the  new  problems  recent  events  have  disclosed, 
but  I  have  called  your  attention  to  only  one  of  the  many  in 
the  science  of  man.  There  are  many  more  of  equal  or  greater 
importance  awaiting  solution  which  late  years  force  especially 
on  the  attention  and  study  of  American  anthropologists. 
The  unknown  anthropological  material  opened  to  us  by  terri- 
torial growth  is  vast,  and  it  is  natural  that  our  anthropologists 
surveying  this  great  unknown  awaiting  research  should  be 
serenely  conscious  of  the  future  of  our  science.  We  have, 
indeed,  every  reason  to  be  proud  of  the  past  achievements 
of  American  anthropology,  in  which  this  section  has  played 
a  most  creditable  part,  but  the  work  before  us  is  destined  to 
yield  still  greater  results,  shedding  a  still  brighter  luster  on 
American  science. 
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SOME    STATISTICAL    AND    ECONOMIC    ASPECTS 
OF  PREVENTABLE  DISEASE. 


Of  all  the  destructive  forces  of  nature,  those  diseases  of  the 
human  body  whose  reference  to  specific  micro-organisms 
constitutes  so  brilliant  an  achievement  of  modern  science 
have  ever  been  the  most  profound  and  far-reaching  in  their 
influence  upon  human  affairs.  Directly  productive  in  their 
ordinary  incidence  of  at  least  one-third  of  the  entire  mor- 
tality of  the  world,  and  the  remoter  cause  of  probably  half 
as  much  more,  they  form  an  unintermittent  and  a  powerful 
factor  in  the  question  of  population.  In  Europe  and  the 
United  States  they  annually  lay  prostrate  from  65,000,000 
to  70,000,000  people,  and  although  all  but  some  3,000,000 
recover,  it  is,  in  a  large  proportion  of  cases,  with  an  impair- 
ment of  vital  force  that  is  a  positive  and  serious,  if  not  a 
measurable,  disability  in  the  after-struggles  of  life.  Such, 
however,  is  the  constancy  of  the  common  contagious  diseases 
of  Europe  and  North  America  that  the  public  mind  is  but 
little  impressed  with  them.  It  accepts  them  as  belonging 
to  the  established  order  of  nature,  and  does  not  yet  realize 
the  importance  of  the  issues  involved  in  their  possible  extinc- 
tion, or  even  in  that  great  diminution  of  their  desti^uctive- 
ness  of  which  the  progress  of  sanitary  science  and  preventive 
medicine  has  already  given  us  the  pledge. 

Not  so  is  it  with  those  grander  manifestations  of  the  malig- 
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nant  powers  of  nature  which  have  been  witnessed  at  more  or 
less  frequent  intervals  from  the  very  earliest  ages,  and  which, 
sweeping  over  the  world  like  the  sword  of  a  destroying  angel, 
have  been  connected  with  some  of  the  mightiest  events  in  the 
history  of  the  human  race.  The  oriental  or  bubonic  plague, 
the  black  death,  the  sweating  sickness,  Asiatic  cholera,  and 
yellow  fever  have  come  as  tidal  waves  in  that  sea  of  mortality 
whose  ordinary  ebb  and  flow  we  witness  in  the  fatality  of 
typhoid,  malarial,  and  scarlet  fevers,  influenza,  tuberculosis, 
diphtheria,  and  other  communicable  diseases  of  daily  occur- 
rence. 

Nothing  in  all  history  exceeds  in  thrilling  interest  the 
record  of  the  pestilential  visitations  from  which  the  human 
race  has  suffered.  During  the  Christian  era  alone  there 
have  been  twenty  pestilences  that  have  swept  the  entire 
known  world,  and  at  least  thrice  within  that  period  from 
one-half  to  three-fourths  of  the  human  race  has  been  de- 
stroyed. One  of  the  two  most  momentous  events  in  history, 
the  exodus  from  Egypt,  was  the  direct  result  of  a  pestilence; 
the  captivity  of  the  Jews  was  delayed  122  years  by  the 
plague  that  fell  upon  the  army  of  Sennacherib,  while  Thu- 
cydides  tells  us  that  nothing  reduced  the  Athenian  power 
more  than  the  plague  or  contributed  more  largely  to  the 
downfall  of  Athens.  Of  other  instances  of  the  destruction 
of  armies  and  fleets,  of  the  subversion  of  social  and  political 
systems,  and  of  the  demoralization  of  nations,  I  cannot  speak 
particularly;  nor  can  I  include  within  the  scope  of  this  ad- 
dress any  discussion  of  the  -effect  of  the  plagues  of  former 
ages  on  the  population  of  the  world — a  problem  rendered 
exceedingly  difficult  of  solution  by  its  relation  to  the  vexed 
question  of  the  populousness  of  ancient  nations,  and  by  the 
uncertainty  attaching  to  those  striking  and  at  least  partially 
successful  efforts  of  nature  to  make  good  the  waste  of  life  by 
which  every  pestilential  visitation  has  been  followed. 

While  we  have  no  assurance  that,  in  spite  of  the  strictest 
sanitary  regulations,  the  civilized  world  will  not  again  1  e 
visited  by  an  epoch-marking  pestilence,  an}'  more  than  that 
some    long-slumbering    volcano    will    not    repeat    the    catas- 


JOIIX    HYDE.  521 

trophe  of  Pompeii  or  St.  Pierre,  our  chief  concern  is  with 
those  kindred  diseases  which  have  become  naturalized  in 
evenr  clime,  and  which,  from  the  equator  to  the  arctic  and 
antarctic  circles,  may  everywhere  be  held  accountable  for 
the  largest  part  of  the  ills  of  suffering  humanity.  Even  in 
those  eastern  countries  in  which  cholera  still  carries  off  its 
victims  by  hundreds  of  thousands  in  a  single  year,  the  ordi- 
nary mortality  from  endemic  fevers  exceeds  in  any  five-year 
period  the  mortality  from  the  more  dreaded  epidemic;  so 
that  in  the  eastern  and  western  hemispheres  alike  it  is  the 
prevention;  not  so  much  of  a  sudden  cataclysm  of  disease  as 
of  the  daily  waste  of  human  life  and  the  unceasing  wail  of 
human  suffering,  that  calls  for  the  earnest  attention  of  the 
scientific  investigator,  the  philanthropist,  and  the  states- 
man. 

But  what  evidence  have  we  that  preventable  disease  con- 
stitutes so  large  an  element  in  the  world's  mortality  as  to 
justify  the  use  of  such  terms  as  I  have  employed?  For  an 
answer  I  would  point  you  to  the  reports  of  the  United  States 
Census,  those  of  the  health  departments  of  various  States 
and  cities,  of  the  Registrar-General  of  England,  and  of  State 
or  municipal  authorities  of  almost  every  civilized  country. 

Twenty-five  years  ago  contagious  or  communicable  dis- 
eases were  supposed  to  be  confined  to  the  class  known  as 
zymotic,  a  designation  that  for  classification  purposes  has 
almost  passed  out  of  use.  The  most  signal  triumphs  of  bac- 
teriology were  still  to  come,  and  if  certain  diseases  were' be- 
lieved by  men  of  clearer  vision  than  others  of  their  time  to 
be  preventable,  it  was  only  because  such  diseases,  while 
marked,  each  one  of  them,  by  the  strongest  individuality, 
possessed  certain  important  characteristics  in  common,  and 
some  of  them,  at  least,  had  shown  an  amenabilitv,  limited, 
probably,  even  more  than  was  supposed,  but  entirely  beyond 
question  as  to  its  existence  to  sanitary  measures. 

In  those  days  the  theory  of  spontaneous  generation  had 
powerful  advocates,  and  it  was  was  not  until  the  final  disappear- 
ance of  that  scientific  heresy,  coincidently  with  the  discoverv 
of  the  specific  germs  of  tuberculosis,  Asiatic  cholera,  diph- 
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theria,  and  other  diseases,  that  not  only  the  diseases  classed 
as  zymotic,  but  all  others  depending  upon  a  specific  germ, 
were  recognized  as,  at  least  theoretically,  preventable. 

It  was  the  opinion  of  Gen.  Francis  A.  Walker  that  the 
deaths  reported  at  the  Census  of  1880  fell  short  of  the  actual 
mortality  of  the  census  year  by  40  per  cent.  While  for 
certain  States  and  Territories  containing  37.9  per  cent,  of 
the  total  population  of  the  country  the  Census  Office  is  no 
longer  dependent  on  the  enumerator,  I  am  not  inclined  to 
place  the  total  number  of  deaths  reported  in  1900  at  more 
than  75  per  cent,  of  the  number  actually  occurring,  espec- 
ially as  an  addition  of  one-third  to  the  number  reported 
would  only  raise  the  total  mortality  to  18.2  per  thousand 
against  a  corrected  rate  of  17.8  per  thousand  in  the  registra- 
tion area.  Taking  the  census  figures  as  they  stand,  how- 
ever, we  find  a  mortality  in  the  United  States  in  a  single 
year  of  209,819,  or  20.2  per  cent,  of  the  whole,  from  diseases 
that,  with  unimportant  exceptions,  would  formerly  have  been 
classified  as  zymotic ;  of  1 1 1 ,059,  or  10.7  per  cent,  of  the  whole, 
from  tuberculosis;  of  105,971,  or  10.2  per  cent,  of  the  whole, 
from  pneumonia,  and  of  29,475,  or  2.84  per  cent,  of  the  whole, 
from  cancer,  with  various  minor  diseases  that  need  not  be 
enumerated,  the  aggregate  from  theoretically  preventable 
disease  being  at  least  45  per  cent,  of  the  total  number  of  deaths. 

With  three  times  the  mortality  chargeable  to  typhoid  fever 
tuberculosis  occupies  the  first  place  in  this  terrible  category, 
as  responsible  for  one  death  in  every  nine.  Not  only  is  it 
found  among  all  the  diversified  physical  conditions  of  our 
far-extending  country,  but  there  is  no  portion  of  the  world 
exempt  from  its  ravages.  We  think  of  Havana  as  the  home 
of  yellow  fever,  and  yet  in  that  city,  in  the  ten  years  ending 
with  1899,  the  total  mortality  from  tuberculosis  was  nearly 
four  times  as  great  as  that  from  yellow  fever,  one  death  in 
every  six  being  chargeable  to  its  ravages.  In  Rio  de  Janeiro, 
in  1900,  it  was  accountable  for  one  death  in  every  five;  in 
Germany  its  victims  number  170,000  per  annum;  in  Great 
Britain  its  ravages  are  so  great  that  the  expectation  of  life  at 
birth  would  be  increased  over  two  and  one-half  vears  if    con- 
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sumption  were  eliminated,  and  over  3.7  years  if  there  were 
no  deaths  from  any  tuberculous  disease.  Mountainous  and 
sparsely  populated  Switzerland  contains  50,000  consump- 
tives, and  in  far-off  New  Zealand  more  than  10  per  cent,  of 
all  deaths  are  attributable  to  it,  the  percentage  in  the  capital 
city  of  Wellington  in  the  year  1900  being  no  less  than  15.8. 

Almost  equally  destructive  and  of  as  general  distribution 
throughout  the  temperate  zones  is  pneumonia,  which,  while 
claiming  as  its  victims,  sooner  or  later,  one  in  every  five  of 
the  population  of  Montana,  carries  off  one  in  every  ten,  or 
nearly,  even  in  such  States  as  Louisiana  and  Mississippi 
with  a  still  larger  proportion  in  many  foreign  cities,  both  of 
the  northern  and  southern  hemispheres. 

And  what  shall  be  said  of  the  various  fevers  which  swept 
away  42,202,148  people  in  British  India,  by  actual  registra- 
tion, in  the  ten  years  ending  December  31,  1898?  Although 
cholera  was  rife  during  that  entire  period,  carrying  away 
three  years  out  of  .the  ten  more  than  half  a  million  victims 
per  annum,  its  entire  mortality  was  only  4,239,067 — appall- 
ing figures  indeed,  but  only  one-tenth  of  the  mortality  from 
fever. 

Surely,  in  the  face  of  such  figures  as  these,  any  reasonable 
confidence  in  the  prevention  or  even  the  substantial  mitigation 
of  this  waste  of  human  life  must  be  based  on  something  more 
than  the  mere  assurances  of  sanguine  investigators  and  ex- 
perimentalists. Happily,  we  have  sufficient  ground  for  our 
belief  in  the  measure  of  success  that  has  already  been  attained. 
From  almost  every  part  of  the  civilized  world  a  reduction  in 
the  death  rate  is  reported.  In  the  United  States,  of  the 
eight  States  (including  the  District  of  Columbia)  having 
registration  laws,  all  except  Vermont  report  a  lower  death- 
rate  for  1900  than  was  reported  for  1890,  and  the  increase  in 
Vermont  is  confined  to  the  rural  districts.  Of  the  twenty- 
three  cities  of  100,000  inhabitants  or  upward  in  1900,  in 
non-registration  States,  and  for  which  a  comparison  is  prac- 
ticable, seventeen,  containing  an  aggregate  population  of 
6,470,796  and  widely  separated  geographically,  report  a 
reduced  death-rate  as  compared  with   the  year    1890.     The 
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death-rate  in  France  in  1901  was  12  per  cent,  less  than  in  1851, 
and  in  Germany  in  1900  25  per  cent,  less  than  in  1871.  Aus- 
tria and  Hungary,  Switzerland,  Sweden,  and  the  Nether- 
lands report  reduced  death-rates  that  are  still  more  significant 
because  based  on  comparisons  of  decades  or  quinquenniums. 
Of  ten  European  capitals,  nine  report  a  lower  rate  of  mortality 
in  1896  than  their  respective  averages  for  the  preceding  ten 
years,  and  while  the  death-rate  in  London  in  1900,  as  compared 
with  the  average  for  the  preceding  decade,  shows  a  reduc- 
tion of  only  one  per  thousand,  even  so  inconspicuous  an  im- 
provement in  the  public  health  as  is  thus  indicated  means  the 
saving  of  4,418  lives  in  a  single  year.  The  seven  colonies 
of  Australasia  also  report  a  saving  of  one  life  per  thousand 
per  annum  in  the  three  years  ending  with  1897,  as  compared 
with  the  three  years  ending  with  1893,  while  the  city  of 
Buenos  Ay  res.  which  I  select  for  reference  on  account  of  the 
completeness  and  general  excellence  of  its  vital  statistics, 
reports  an  annual  average  death-rate  of  19.1  per  thousand 
for  the  five  years  1895-99,  as  compared  with  24.7  per  thou- 
sand from  1890  to  1894,  and  26.8  per  thousand  from  1885  to 
1889.  But  in  all  this  array  of  figures  there  is  nothing  more 
significant  than  the  fact  that  the  increase  in  the  duration  of 
life  in  Great  Britain  recently  necessitated  the  construction 
of  a  new  life  table,  in  which  the  expectation  of  life  at  the  age 
often  years  is  shown  to  be  1.668,  at  twenty  1.6  21,  at  thirty  .886, 
and  even  at  eighty  .118  years  greater  than  under  the  former 
table,  there  now  being  out  of  every  100,000  persons  of  the 
age  of  ten  years  3,183  more  who  will  live  to  be  forty,  3,459  more 
to  be  fifty,  3,207  more  to  be  sixty,  2,491  more  to  be  seventy, 
and  1,600  more  to  be  eighty  years  of  age  than  was  the  case 
only  forty  years  ago.  These  illustrations  are  for  the  most 
part  taken  at  random  from  a  mass  of  evidence  that  leaves  no 
room  for  doubt  that  the  general  death-rate  of  the  civilized 
world  is  rapidly  diminishing. 

As  regards  the  combating  of  those  particular  diseases  which, 
theoretically  at  least,  are  the  most  easily  controlled  and  give 
the    greatest    promise    of    yielding    to    repressive    measures, 
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the  place  of  honor  should  be  given  to  the  magnificent  work 
that  has  been  done  in  Cuba  under  the  administration  of  the 
United  States.  The  scientific  demonstration  of  the  fact  that 
yellow  fever  is  propagated  by  the  mosquito,  and,  it  is  believed, 
by  the  mosquito  only,  has  led  to  the  complete  extirpation 
of  that  dread  disease  from  a  city  that  has  been  its  home  for 
nearly  200  years. 

The  reduction  of  the  mortality  from  diphtheria  since  the 
introduction  of  the  antitoxin  method  of  treatment  forms  one 
of  the  most  interesting  chapters  in  the  history  of  vital  statistics. 
In  Switzerland  and  the  Netherlands  the  mortality  has  been 
reduced  by  one-half,  while  in  France,  Germany,  Austria,  and 
Belgium  there  were  only  one-third  the  number  of  deaths  from 
this  disease  in  1898,  per  ten  thousand  of  the  population,  that 
were  reported  in  1894,  the  year  preceding  the  introduction  of 
the  new  method  of  treatment.  From  returns  received  from 
six  States  and  nineteen  large  cities  of  the  United  States  by 
the  U.  S.  Commission  to  the  Paris  Exposition  of  1900,  it 
would  appear  that  in  1894  the  fatality  from  diphtheria  in  the 
States  and  cities  reported  upon  was  29.6  per  cent,  of  all 
cases,  while  for  the  four  succeeding  years  it  was  only  21.6  per 
cent.  In  two  States  it  fell  from  29.7  per  cent,  in  1894  to  14.6 
per  cent,  in  1898.  In  Massachusetts  it  was  28.3  percent,  in 
the  four  years  1891-94  and  14.9  per  cent,  from  1895  to  1899. 
In  Philadelphia  it  has  fallen  from  31.96  per  cent,  in  1896  to 
17.97  per  cent,  in  1900,  the  annual  decline  being  an  unbroken 
one.  In  St.  Louis  the  decline  has  been  from  35.46  percent, 
in  the  six  years  ending  with  1894  to  15.67  per  cent,  in  the 
six  years  ending  with  1900,  with  a  ratio  of  only  8.78  per  cent, 
in  the  2,347  cases  actually  known  to  have  been  treated  with 
antitoxin.  The  first  six  months  of  the  antitoxin  treatment 
in  France  reduced  the  mortality  in  108  cities  65.6  per  cent. 
Cracow  reports  a  decline  of  60  per  cent.,  while  in  Dresden  only 
8.1  per  cent,  of  all  cases  proved  fatal  in  the  four  years,  1895- 
98  against  34.2  per  cent,  of  all  cases  in  the  four  years  1891-94. 
From  the  Antipodes  the  colony  of  New  Zealand  reports  a 
reduction  of  exactly  50  per  cent,  in  the  mortality  from  this 
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disease  in  the  five  years  ending  with  1900,  as  compared  with 
the  corresponding  period  immediately  preceding. 

The  total  mortality  from  typhoid  fever  in  the  United  States, 
as  reported  by  the  Census  of  1900,  not  only  constitutes  a 
larger  proportion  of  the  total  mortality  from  all  known  causes, 
but  also  represents  an  absolutely  higher  typhoid  fever  death- 
rate  than  was  reported  by  the  Census  of  1890.  The  statistics 
for  the  non-registration  area,  however,  are  acknowledged  by 
the  Census  Office  to  be  incomplete,  and  it  is  possible,  though 
hardly  probable,  that  the  addition  of  the  figures  that  are  lack- 
ing would  render  the  comparison  less  unfavorable.  In  the 
registration  area,  containing  a  population  of  28,807,269,  or 
37.9  per  cent,  of  the  whole,  there  is  a  marked  decline  both  in 
the  number  of  deaths  from  typhoid  fever  relatively  to  popula- 
tion and  in  the  ratio  of  typhoid  fever  deaths  to  deaths  from 
all  known  causes,  the  former  having  declined  from  46.3  to 
33.8  per  100,000  living  and  the  latter  from  23.6  to  19.2  per 
1,000  deaths.  But  even  the  statistics  for  the  registration 
area,  taking  that  area  as  a  whole,  are  not  strictly  compar- 
able, and  it  is  not  until  we  examine  the  reports  for  each  of  the 
eight  States  (including  the  District  of  Columbia)  for  which 
a  comparison  can  properly  be  made,  that  a  perfectly  satis- 
factory conclusion  can  be  arrived  at.  Then  we  really  find 
an  indisputable  and  in  the  main  substantial  reduction  in  the 
death-rate  from  typhoid  fever  in  every  principal  division  of 
a  region  of  96,306  square  miles,  of  fairly  diversified  physical 
conditions  and  containing  a  population  of  14,328,832,  in 
the  exact  proportion  of  three  urban  to  two  rural.  And  yet 
there  are  more  significant  figures  even  than  those  reported  by 
this  important  group  of  States — more  significant  because  not 
based  merely  on  the  mortality  of  two  single  years,  a  period 
that  scarcely  affords  an  adequate  basis  of  comparison  in  the 
case  of  a  disease  so  large  a  proportion  of  the  mortality  from 
which  occurs  in  connection  with  epidemic  outbreaks.  The 
death-rate  from  typhoid  fever,  per  10,000  inhabitants,  has 
fallen  in  Massachusetts,  with  but  one  break  in  the  conti- 
nuity of  the  decline,  from  8.2  in  1871-75  to  2.4  in  1896-1900, 
and  in   London,   England,  from   2.4  in   1871-80    and   1.9    in 
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1881-90  to  1.4  in  1894-95  and  1.2  in  1896.*  State  reports 
show  that  in  Massachusetts,  as  in  some  of  the  most  populous 
cities  of  Europe,  there  is  a  relation  too  obvious  to  be  disre- 
garded between  a  reduced  typhoid  death-rate  and  improved 
sanitation,  the  death-rate  in  the  New  England  common- 
wealth having  declined  as  the  per  cent,  of  the  population 
upplied  with  public  water  has  risen,  while  in  Berlin  and 
other  German  cities  and  also  in  Vienna  and  Brussels  the  de- 
cline has  been  coincident  with  an  improved  water  supply 
and  the  construction  of  sewers. 

Still,  there  are  so  many  notable  and  unlooked-for  excep- 
tions to  the  general  decline  in  the  mortality  from  typhoid 
fever,  both  in  the  United  States  and  abroad,  that  our  ex- 
pectation that  the  ravages  of  this  disease  will  eventually  be 
brought  to  an  end  is  founded  rather  upon  our  knowledge  of 
its  etiology  than  upon  what  has  already  been  accomplished 
in  that  direction.  Kober  has  tabulated  195  epidemics  of 
typhoid  fever,  mainly  in  England  and  the  United  States, 
that  have  been  traced  to  the  milk  supply,  and  Schiider  has 
catalogued  650,  more  than  half  of  them  in  Germany,  of  which 
70.8  per  cent,  were  said  to  be  due  to  the  water  supply,   17 

*It  is  surprising  that  the  voluminous  report  of  the  Twelfth 
Census  on  Vital  Statistics  should  contain  so  little  of  that  direct 
evidence  which  must  necessarily  be  in  the  possession  of  the  Census 
Office  of  the  effect  of  municipal  sanitation  on  the  death-rate  from 
preventable  disease.  It  may  interest  coming  generations  to  know 
that  between  June  1,  1899,  and  May  31,  1900,  one  colored  female 
cigar-maker  died  in  the  United  States  from  disease  of  the  bones  and 
joints,  and  it  may  be  well  to  place  on  record  the  melancholy  fact 
that  every  1,000  deaths  from  alcoholism  in  the  United  States  in- 
cludes nine-tenths  of  a  male  person  under  one  year  of  age,  but  it  is 
hard  to  understand  why  particular  attention  should  be  called  to 
the  fact  that  of  white  persons  between  25  and  34  years  of  age 
dying  of  typhoid  fever  (a  disease  to  which  not  even  a  predisposi- 
tion can  be  congenital)  the  highest  death-rate  was  among  those 
having  Scandinavian  mothers,  when  the  entire  report  with  its 
2,168  quarto  pages  fails  to  show  what  cities  report,  respectively, 
an  increase  or  a  decrease  in  the  death-rate  from  a  disease  that  has 
proved  more  amenable  to  preventive  measures  on  the  part  of 
municipalities  than  any  other  afflicting  the  human  race. 
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per  cent,  to  milk  (rarely  used  unboiled  in  the  countries  of 
continental  Europe,  hence  the  low  per  cent.),  and  3.5  per 
cent,  to  other  foods.  Surely  the  prevalence  of  a  disease  that 
rarely  if  ever  occurs  except  through  the  contamination  of 
food  or  drink  by  the  most  loathsome  of  all  germs  is  a  blot 
on  our  boasted  civilization,  and  only  requires  that  its  origin 
and  mode  of  propagation  shall  become  generally  known  to  be 
speedily  wiped  out  of  existence  by  an  almost  indignant  public 
sentiment. 

Tuberculosis  is  another  disease  the  statistics  of  which,  while 
not  uniformly  encouraging,  afford  ground  for  hope  that  its 
ravages  may  be  stayed.  In  the  United  States  the  death- 
rate  from  this  cause,  per  100,000  of  population,  declined, 
from  1890  to  1900,  in  the  cities  of  the  registration  States, 
from  293.5  to  208.7,  m  the  rural  districts  of  the  same  States 
from  181  to  137. 1,  in  registration  cities  in  other  States  from 
239.9  to  207.7,  and  in  the  total  registration  area  from  245.4 
to  190.5.  For  the  country  as  a  whole,  the  apparent  decline 
is  from  122.3  to  109.9,  but  the  figures  for  both  periods  are 
unquestionably  much  too  low. 

While  reports  for  single  years  are  less  likely  to  be  mislead- 
ing in  the  case  of  tuberculosis  than  in  that  of  a  disease  occur- 
ring epidemically,  they  are  obviously  less  conclusive  than 
returns  covering  consecutive  or  other  comparable  periods  of 
five  or  ten  years  each,  and  comparisons  based  on  reports 
such  as  those  of  the  State  of  Massachusetts,  the  cities  of 
London,  England,  and  Philadelphia,  Pa.,  and  the  seven  col- 
onies of  Australasia  are  of  far  greater  significance  than  any 
based  on  the  Census,  entirely  aside  from  that  defective  work 
on  the  part  of  the  enumerators  which  has  so  greatly  impaired 
the  value  of  the  Census  returns. 

In  Massachusetts  the  death-rate  from  tuberculosis  per 
100,000  of  population  has  fallen  from  411  in  1851-55  and  346 
in  1871-75  to  231  in  1891-95,  and  217, 208,  194, 187,  and  185, 
respectively,  in  the  five  years  1 896-1900.  In  London  the 
mortality  from  phthisis  per  100,000  of  population  has  de- 
clined from  286  in  1851-60,  284  in  1861-70,  251  in  1871-80, 
and  209  in  1881-90  to  202,  189,  191,  174,  183,  and  173  in  the 
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six  years  1891-96.  In  Philadelphia,  in  the  four  consecutive 
five-year  periods  between  1881  and  1900,  the  rate  per  100,000 
was  308.4,  268.7,  232.6,  and  210.7.  In  Australasia  it  has 
fallen  from  122.2  in  1881-85  and  114.3  in  1886-90  to  102.5 
in  1891-95  and  92.7  in  1896-98,  each  of  the  seven  colonies 
reporting  a  marked  and  almost  unbroken  decline.  Of  less 
significance,  but  by  no  means  without  value  as  representing 
•climatic  conditions  of  a  different  type  from  any  of  the  fore- 
going, is  the  statement  that  the  number  of  deaths  from  tuber- 
culosis in  the  city  of  Havana  in  the  three  years  1899-1901 
was  56.6  per  cent,  less  than  in  1896-98,  and  36.1  per  cent, 
less  than  in  1893-95,  the  city  meanwhile  having  a  gradually 
increasing  population. 

So  many  other  instances  might  be  cited  of  a  decline  in  the 
mortality  from  tuberculosis  in  regions  of  widely  differing 
physical  conditions  that  there  is  no  room  for  doubt  that  this 
disease,  which  has  ever  baffled  the  skill  of  the  physician  and 
is  still  accountable  for  one-tenth  of  the  total  mortality  of  the 
temperate  zones,  is  gradually  becoming  less  destructive,  with- 
out any  established  connection,  such  as  exists  in  the  case  of 
typhoid  fever,  with  improved  sanitary  conditions  and  cer- 
tainly without  reference  to  the  discovery  that  it  is  a  germ 
disease.  Endemic  as  well  as  epidemic  diseases  have  their 
ebb  and  flow,  and  just  as  cancer  is  rapidly  increasing  in  the 
•civilized  countries  of  both  hemispheres,  so,  conversely,  is- 
tuberculosis  diminishing.  If  with  this  apparent  natural  sub- 
sidence there  be  conjoined  such  results  as  may  reasonably  be 
looked  for  from  that  better  understanding  of  the  pathology 
of  the  disease  which  has  followed — somewhat  slowly,  it  must 
be  admitted — the  discovery  of  the  tubercle  bacillus  and  from 
the  demonstration,  now  all  but  complete,  of  the  communica- 
bility  of  bovine  tuberculosis  to  man,  the  early  years  of  the 
twentieth  century  should  forever  be  rendered  memorable  by 
an  enormous  reduction  in  the  mortality  from  this  dread 
disease. 

Scarlet  fever  is  another  disease  the  steadily  decreasing 
mortality  from  which  is  not  wholly  referable  to  the  preven- 
tive measures  of  the  sanitarian  or  the  skillful  treatment  of 
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the  physician,  but  whose  diminution  in  frequency  and  destruc- 
tiveness  is  to  be  attributed  in  large  measure  to  the  gradual 
attenuation  of  its  specific  virus.  As  a  cause  of  death  in  the 
United  States,  per  100,000  of  population,  it  declined,  from 
1890  to  1900,  in  the  cities  of  the  registration  States,  from  16 
to  13,  in  the  rural  districts  of  the  same  States  from  8.5  to 
7.4,  in  registration  cities  in  other  States  from  14.6  to  12.9, 
and  in  the  total  registration  area  from  13.6  to  11.5.  So 
great  has  been  the  decline  in  its  mortality  in  Massachusetts 
in  forty  years  that  the  deaths  resulting  from  it  in  that  State 
between  1876  and  1895  were  25,000  fewer  than  they  would 
have  been  had  the  death-rate  prevailing  from  1856  to  1875 
been  maintained.  In  London  the  mortality  per  100,000  has 
declined  from  113  in  1861-70,  60  in  1871-80,  and  ^^  in  1881- 
90  to  26  in  1891-93  and  20.7  in  1894-96.  In  other  parts  of 
England,  both  urban  and  rural,  as  well  as  in  Scotland,  Ire- 
land, Germany,  Italy,  Sweden,  Norway,  and  Denmark,  there 
is  a  marked  decline  in  the  mortality  from  this  cause,  while  in 
Australasia  the  ratio  of  deaths  to  population  in  1891-95  and  in 
1896-98  was  less  than  one-tenth  of  what  it  was  in  1876-80. 

If  the  statistics  of  whooping-cough  and  measles,  diseases 
that  were  accountable  for  at  least  22,824  deaths  in  the  United 
States  in  1900,  seem  to  afford  less  encouragement  to  the 
sanitarian  than  those  of  typhoid  and  scarlet  fevers,  tuber- 
culosis, and  diphtheria,  it  is  not  because  whooping-cough  and 
measles  are  in  any  less  degree  subject  to  the  laws  that  govern 
the  transmissibility  of  communicable  disease,  but  because 
they  are  peculiarly  diseases  of  infancy,  and  their  ravages  are 
to  a  large  extent  among  the  children  of  the  poor.  The  very 
fact,  however,  that  the  high  rate  of  mortality  chargeable  to 
them  is  so  largely  a  matter  of  environment  justifies  the  ex- 
pectation of  a  steadily  declining  death-rate  from  these  diseases 
with  that  general  amelioration  of  the  condition  of  the  poor 
to  which  so  many  powerful  agencies  are  being  directed. 

The  reports  of  the  Twelfth  U.  S.  Census  give  alcoholism  as 
the  specific  cause  of  2,811  deaths  in  the  United  States  in  1900. 
Inasmuch  as  2,061,  or  73.3  per  cent,  of  such  deaths,  were  re- 
ported in  the  registration  area,  containing  only  37.9  per  cent. 
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ot  the  total  population,  and  that  for  so  much  of  the  country 
as  contained  the  remaining  62.1  per  cent,  of  the  population, 
the  enumerators  had  to  rely  for  information  as  to  the  cause 
of  death  mainly  on  surviving  members  of  the  families  to  which 
the  deceased  persons  belonged,  there  can  be  no  question  that 
the  actual  number  of  deaths  from  alcoholism  was  very  much 
in  excess  of  the  number  reported,  notwithstanding  that  the 
non-registration  area  contained  a  relatively  smaller  urban 
population  than  the  registration  area.  This  implies  an  amount 
of  degradation  and  misery,  of  shame  and  suffering,  that  is 
absolutely  appalling,  and  yet  the  United  States  will  compare 
favorably,  as  regards  its  mortality  from  alcoholism,  with  any 
other  beer  or  spirit-drinking  country.  The  investigations  of 
the  Harveian  Society  make  it  probable  that  in  London  one- 
seventh  of  all  adult  deaths  are  directly  or  indirectly  due  to 
the  consequences  of  alcoholic  excess;  in  England,  generally, 
intemperance  is  the  direct  cause  of  one  per  cent,  of  all  male 
deaths  between  25  and  65  years  of  age;  in  Prussia  the  deaths 
from  delirium  tremens  among  males  have  averaged  over  one 
thousand  per  annum  for  many  years  in  succession,  and  in 
Belgium,  with  a  smaller  population  than  the  State  of  New 
York,  the  male  deaths  from  that  cause  in  the  twenty  years 
ending  with  1889  averaged  330  per  annum.  While  this  is 
not  a  matter  for  sanitary  regulation,  as  understood  in  this 
address,  and  there  is  little  prospect  of  any  salutary  change 
in  the  drinking  customs  of  the  world,  any  considerable  re- 
striction of  drunkenness  and  its  attendant  evils  would  be  so 
far-reaching  in  its  economic  effects  that  the  inclusion  of  al- 
coholism among  preventable  diseases  of  serious  consequence 
needs  no  justification. 

The  mortality  from  smallpox  is  in  inverse  ratio  to  the  strin- 
gency of  the  measures,  always  including  compulsory  vaccina- 
tion, adopted  for  its  repression.  Time  was  when  for  entire 
countries,  year  after  year,  smallpox  was  accountable  for  one 
death  in  every  ten  or  twelve.  Now  it  is  not  unusual  for  a 
majority  of  the  world's  most  populous  cities  to  be  exempt 
from  its  ravages  for  several  years  in  succession,  and  the  oc- 
currence of  one  death  in  a  thousand  deaths  will  excite  sur- 
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prise  and  apprehension.  But  it  is  entirely  unnecessary  to 
compare  the  present  with  the  past  to  establish  the  efficacy  of 
preventive  measures  in  the  case  of  smallpox;  contrasts  suffi- 
ciently conclusive  are  furnished  by  different  countries  and 
even  by  different  States  of  the  Union  in  our  own  times.  In 
1900  the  States  of  New  Hampshire,  Vermont,  Connecticut, 
and  Nevada  had  no  deaths  whatever  from  this  disease,  17 
other  northern  and  western  States  had  an  aggregate  of  only 
72,  and  7  others  an  aggregate  of  no,  making  a  total  of  only 
182  deaths  from  smallpox  in  a  region  embracing  51.4  per 
cent,  of  the  total  area  of  the  country,  and  containing  41.7  per 
cent,  of  its  total  population.  During  the  same  period  twelve 
southern  States,  together  with  the  Territory  of  New  Mexico, 
the  whole  constituting  a  region  40.5  per  cent,  smaller  and 
24.7  per  cent,  less  populous  than  the  foregoing,  had  15  times 
as  many  deaths  from  smallpox.  Is  this  a  matter  of  climate? 
Not  in  the  smallest  degree  can  it  be  said  to  be  such.  The 
fact  that  throughout  the  entire  north  temperate  zone  two- 
thirds  of  the  annual  mortality  from  smallpox  occurs  in  the  six 
months  having  the  lowest  temperatures  warrants  the  assump- 
tion that  the  equally  rigid  enforcement  of  the  same  preven- 
tive measures,  north  and  south,  would  result  in  a  lower  rate 
of  mortality  in  the  latter  than  in  the  former.  That  the 
proportions  are  reversed  is  due  to  the  greater  difficulty  of 
enforcing  repressive  measures  in  the  southern  States,  owing 
to  the  presence  of  a  large — in  some  cases  preponderant — 
negro  population,  among  which,  as  compared  with  an  equal 
number  of  whites,  the  mortality  from  smallpox  is  as  12  to  1. 
The  difficulty  of  enforcing  preventive  or  remedial  measures 
among  the  poor,  the  ignorant,  and  the  superstitious,  is  like- 
wise the  difficulty  with  which  the  government  of  India  has 
to  contend,  and  the  result  of  which  we  see  in  the  fact  that  in 
the  ten  years  1889-98  the  deaths  from  smallpox  in  that  country 
averaged  93,332  per  annum,  ranging  from  42,046  to  160,217, 
or  from  20  to  75  per  100,000  of  population  and  from  5.8  to 
20.9  per  thousand  deaths  from  all  causes.  And  yet  even 
the  highest  of  these  death-rates  indicates  an  enormous  saving 
of  life  as  compared  with  the  conditions  that  prevailed  over 
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the  whole  of  Europe  up  to  the  discovery  of  vaccination  by  the 
illustrious  Jenner. 

While  sporadic  cases  of  smallpox,  not  necessarily  fatal,  may 
continue  to  occur  in  even  the  most  progressive  and  best  gov- 
erned of  cities,  this  disease,  so  far  as  the  more  enlightened 
nations  are  concerned,  is  practically  a  disease  of  the  past,  and 
the  few  moments  devoted  to  its  consideration  in  this  address 
are  justified  not  so  much  by  the  possibilities  of  the  future  as 
by  the  example  it  affords  us  of  a  former  bane  of  humanity 
brought  under  absolute  control  and  made  one  of  the  least 
destructive  of  the  various  causes  of  death. 

Two  other  once  formidable  diseases  may  be  mentioned  as 
having  been  virtually  exterminated  by  hygienic  measures. 
For  two  centuries  scurvy  was  the  scourge  of  the  British  navy, 
the  deaths  attributable  to  it  exceeding  those  in  war  and  m 
all  the  peculiar  calamities  attending  life  at  sea  put  together. 
Now  it  is  of  rare  occurrence.  Similarly,  beri-beri  was,  prior 
to  1884,  a  veritable  scourge  of  the  navy  of  Japan,  but  the 
9,516  cases  in  the  six  years  1878-83  were  reduced  to  765  cases 
in  the  six  years  1884-89,  and  of  these  718  occurred  in  the  first 
year  of  the  six. 

Several  of  the  diseases  to  which  reference  has  been  made  in 
this  address  are  prime  factors  in  that  fearful  waste  of  infant 
life  which  is  going  on  all  over  the  world  and  with  which  even 
the  highest  civilization  seems  unable  adequately  to  cope. 
But  while,  taking  the  figures  of  the  registration  area  of  the 
United  States  for  1900,  60.8  per  cent,  of  all  deaths  from 
diphtheria,  62  per  cent,  of  those  from  scarlet  fever,  82.6  per 
cent,  of  those  from  measles,  and  95.2  per  cent,  of  those  from 
whooping-cough  are  of  children  under  five  years  of  age,  these 
are  by  no  means  the  only  diseases,  theoretically  preventable, 
that  contribute  to  an  excessive  infant  mortality.  The  United 
States  Census  of  1900  reports  among  the  deaths  of  children 
under  five  years  of  age  93,118  from  diseases  more  or  less 
directly  connected  with  the  process  of  alimentation,  63,071 
from  diseases  of  the  respiratory  system,  and  8,854  from  ac- 
cidents. Included  among  the  foregoing  are  22,787  deaths 
from  inanition,  debility,  and  atrophy,  synonyms,  to  no 
small  extent,  of  starvation  and  neglect. 
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The  United  States  Census  statistics  for  1900,  while  probably 
more  defective  in  regard  to  infant  mortality  than  in  any  other 
respect,  show  that  while  only  12.1  per  cent,  of  the  entire 
population  was  under  five  years  of  age,  the  reported  mortality 
under  that  age  was  30.8  per  cent,  of  the  total  number  of 
deaths  at  known  ages.  During  the  ten  years  ending  with 
1900  the  ratio  of  deaths  under  five  years  of  age  to  the  total 
mortality  in  New  York  City  averaged  39.6  per  cent.,  in 
Philadelphia  34.8  per  cent.,  in  Baltimore  37.8  per  cent.,  and 
in  Chicago  41.2  per  cent.,  while  the  Census  shows  for  the 
single  year  1900  40.7  per  cent,  in  Texas,  41.5  per  cent,  in 
Oklahoma.  41.6  per  cent,  in  New  Mexico,  and  46.7  per  cent, 
in  Indian  Territory,  political  divisions  containing  no  large 
cities  and  yet  each  reporting  a  higher  rate  of  infant  mortality 
among  the  white  population  than  among  the  colored. 

Glancing  at  the  reports  of  certain  typical  foreign  countries, 
we  find  the  empire  of  Japan  with  36  per  cent,  of  its  total 
mortality  in  1898  under  five  years  of  age,  and  the  seven  col- 
onies of  Australasia  in  the  same  year  with  34.3  per  cent.,  the 
city  of  London  with  43.4  per  cent,  in  1896,  and  the  city  of 
Buenos  Ayres,  now  the  fifteenth  city  of  the  world  in  point  of 
population,  with  42.1  per  cent,  in  the  five  years  1897-1901. 

A  very  large  proportion,  usually  from  60  to  66  per  cent, 
of  the  total  mortality  of  children  under  five  years  of  age  oc- 
curs in  the  first  year  of  life,  and  an  increasing  recognition  of 
the  importance  of  the  death-rate  at  this  most  fatal  period  is 
resulting  in  the  statistics  for  such  period  being  given  greater 
publicity  and  becoming  in  many  cases  more  promptly  avail- 
able than  those  for  the  five-year  period.  This  is  the  reason 
of  my  being  able  to  include  in  this  address  the  death-rates 
under  one  year  of  age  in  1901  for  a  large  number  of  the  prin- 
cipal cities  of  Europe,  for  but  few  of  which  I  have  yet  been 
able  to  obtain  figures  for  the  five-year  period. 

Grouping  these  cities  by  countries  it  is  found  that  the  deaths 
under  one  y<  ar  in  ^^  principal  cities  in  England  and  Wales  con- 
stituted 26.6  per  cent,  of  the  total  mortality  at  all  ages;  in  nine 
large  cities  of  France,  including  Paris,  15.6  per  cent.;  in  the 
four  largest  cities  of  Belgium   25.1  per  cent.;  in  Amsterdam 
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and  The  Hague  27.1  per  cent.;  in  Stockholm,  Christiania, 
and  Copenhagen  27.0  per  cent.;  in  four  principal  cities  of 
Austria- Hungary,  not  including  Vienna,  23.6  per  cent.;  in 
the  eleven  largest  cities  of  Germany,  not  including  Berlin,  37.7 
per  cent.,  and  in  the  three  largest  cities  of  Russia  40.2  per 
cent.  The  low  ratio  in  the  cities  of  France  is  the  result  of  the 
low  birth-rate,  and  it  is  a  fact  of  great  significance  that  the 
exclusion  of  Paris  and  Lyons  from  the  computation  raises  the 
percentage  to  24.3. 

Except  to  the  adherents  of  that  almost  extinct  school  which 
regards  wars,  pestilences,  and  other  swiftly  destructive  agencies 
as  performing  a  beneficent  function  in  maintaining  the  equilib- 
rium between  population  and  the  means  of  subsistence,  this 
high  rate  of  infant  mortality  is  an  unmitigated  evil,  affording 
the  amplest  if  not  at  present  the  most  encouraging  field  for 
the  sanitarian  and  hygienist. 

As  long  ago  as  1884  Sir  James  Paget  computed  the  annual 
loss  to  the  domestic,  agricultural,  and  industrial  classes  of 
England  and  Wales  from  sickness  at  ^11,000,000  sterling. 
This  was  at  an  average  valuation  of  less  than  five  dollars  per 
individual  per  week,  the  professional  classes,  with  only  18 
per  cent,  less  loss  of  time,  being  excluded  from  the  computa- 
tion. Allowing  for  the  difference  in  population  and  in  value 
of  labor,  a  similar  computation  for  the  United  States  would 
give  a  total  almost  fabulous  in  its  amount.  Forty-seven  per 
cent,  of  the  deaths  from  typhoid  fever  occur  between  the 
ages  of  twenty  and  fifty;  the  business  and  professional  ele- 
ments of  our  population  are  largely  affected  by  it,  and  on  an 
estimate  of  three  hundred  thousand  cases  of  typhoid  per 
annum  an  annual  loss  of  $150,000,000  from  sickness  from 
typhoid  fever  alone  does  not  seem  excessive.  Sixty-four  per 
cent,  of  consumptives  also  die  between  twenty  and  fifty  years 
of  age  mostly  after  protracted  illnesses,  in  the  course  of  which 
the  well-to-do  have  had  recourse  not  only  to  the  highest 
medical  skill  but  to  changes  of  climate  involving  costly  travel. 

In  the  days  when  plagues  and  epidemics  were  of  frequent 
occurrence  the  growth  of  cities  was  retarded  and  commerce 
-diverted  into  new  channels.     The   struggle  between  capital 
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and  labor  dates  back  to  the  black  death  in  England,  when 
for  the  first  time  laborers  combined  for  the  protection  of  their 
own  interests.  The  relation  between  epidemics  and  fluctua- 
tions in  the  price  of  food  is  also  easily  to  be  traced,  and  even 
the  value  of  land  was  directly  affected  by  the  plagues  of  the 
middle   ages. 

An  enumeration  of  the  agencies  through  which  disease  is. 
known  to  be  transmissible  makes  it  manifest  that  there  is 
scarcely  an  act  of  life  that  has  not  its  peculiar  dangers.  Chief 
among  such  agencies  are  water  and  ice,  prime  disseminators 
of  the  most  deadly  of  pathogenic  bacteria,  and  milk  and  butter, 
the  former  a  proved  transmitter  of  typhoid  and  scarlet  fevers, 
diphtheria,  and  tuberculosis.  Flies  may  bring  to  your  kitchen 
or  dining  table  or  to  the  provision  store  or  market  stall  from 
which  your  household  is  supplied  the  germs  of  the  most  deadly 
diseases,  and  mosquitoes,  as  shown  in  the  fascinating  work 
of  the  accomplished  Permanent  Secretary  of  this  Association,, 
are  the  specific  transmitters  of  malarial  and  yellow  fevers - 
Cats  have  conveyed  scarlet  fever,  smallpox,  and,  there  is 
reason  to  believe,  diphtheria,  and  rats  are  one  of  the  chief 
agencies  in  the  distribution  of  the  bubonic  plague  and  in  the- 
transmission  of  trichinosis.  Books,  money,  and  street-car 
tickets  have  all  been  found  to  be  conveyors  of  disease  germs ,. 
and  this  may  also  be  said  of  public  drinking  cups  and  of  the 
cup  used  in  common  in  religious  ordinances.  Wood  pave- 
ments, the  sweeping  of  streets  without  previous  watering,  and 
the  wearing  of  trailing  skirts  on  the  streets,  are  all  sources  of 
danger.  Expectoration  in  public  places  is  so  generally  recog- 
nized as  a  menace  to  the  public  health  that  many  cities,  not 
in  all  respects  the  most  progressive,  have  police  regulations 
prohibiting  it.  School  children  putting  the  ends  of  lead  pen- 
cils into  their  mouths ;  promiscuous  kissing,  especially  of  babies ;. 
unchecked  sneezing;  the  use  of  public  brushes  and  combs; 
indiscriminate  handshaking;  public  telephones,  and  even,  as 
recently  pointed  out  by  the  London  Lancet,  the  opening  of 
letters  at  the  breakfast  table,  may  all  be  the  means  of  com- 
municating disease. 

Fortunately,  many  of  these  agencies  suggest  the  means  by 
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which  their  destructiveness  may  be  held  in  cheek.  An  abun- 
dant supply  of  water,  brought  from  a  region  free  from  the 
possibility  of  contamination,  and  carefully  protected  from 
contamination  after  being  impounded;  the  periodical  exam- 
ination of  dairy  cows,  of  the  water  they  drink,  and  of  the  in- 
closures  in  which  they  are  kept;  the  exclusion  of  flies  and 
mosquitoes  from  dwellings  and  the  systematic  destruction  of 
mosquitoes  in  their  breeding  places ;  the  more  complete  isola- 
tion of  persons  suffering  from  contagious  diseases,  with  such 
other  measures  as  would  be  the  outcome  of  a  generally  en- 
lightened public  sentiment  on  the  subject  of  the  transmissibil- 
ity  of  disease  germs,  will  go  far  toward  checking  the  long  train 
of  evils  for  which  the  agencies  enumerated  are  to  so  large  an 
extent  responsible. 

Were  it  possible  to  arrest  the  annual  waste  of  life  and  an- 
nual loss  of  time  from  sickness  by  one  supreme  act  of  sanitary 
legislation,  while  our  duty  would  be  plain,  I  confess  that  I 
should  regard  the  immediate  outcome  with  the  gravest  ap- 
prehension, so  tremendous  would  be  the  economic  results. 
The  change,  however,  can  only  be  gradual,  and  social  and 
economic  conditions  will  adapt  themselves  to  it.  So  far  as  its 
effect  on  population  is  concerned,  no  serious  misgivings  need 
be  had.  The  prevention  of  that  waste  of  infant  life  which  is  so 
fearful  to  contemplate  will  only  be  to  give  further  impetus  to 
that  reduction  of  the  birth-rate  which  is  reported  from  almost 
every  civilized  country,  while  a  too  great  pressure  of  popula- 
tion upon  the  means  of  subsistence  will  be  prevented  by  the 
operation  of  those  various  automatic  and  prudential  checks 
with  which  every  student  of  the  theory  of  population  is 
familiar.  Without  calling  in  question  the  truth  of  the  propo- 
sition for  which  so  many  writers  on  population  have  con- 
tended, namely,  that  the  power  of  reproducing  life  exceeds 
the  power  of  maintaining  it,  the  fact  that  among  all  enlight- 
ened and  progressive  peoples  not  only  is  the  increase  of 
wealth  more  than  commensurate  with  the  increase  of  popula- 
tion, but  that  there  is  a  more  general  distribution  of  the  neces- 
sities and  comforts  of  life  is  surely  a  sufficient  guarantee 
that  the  average  unit  of  population  is  more  than  equal  to  the 
task   of   its   own   maintenance. 
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It  must  not  be  forgotten,  moreover,  that  the  promise  of  a 
considerable  mitigation  and  possibly  of  the  final  extinction  of 
the  loss  of  life  from  certain  diseases  fatal  to  man  carries  with 
it  a  like  promise  concerning  the  communicable  diseases  affect- 
ing domestic  animals,  the  pecuniary  losses  from  a  single  one 
of  which  have  been  known  to  reach  $100,000,000  a  year, 
greatlv  increasing  the  price  of  meat  as  well  as  checking  the 
growth  of  the  livestock  industry  and  discouraging  its  pursuit. 
With  regard  to  the  food  supply  in  general,  sanitary  science 
will  not  more  quickly  rel'eve  the  world  of  the  ravages  of  con- 
tagious disease  than  agricultural  chemistry  will  increase  the 
productivity  of  the  soil  and  entomology  and  vegetable  pathol- 
ogy put  an  end  to  the  ravages  of  insects  and  of  plant  diseases. 
When  it  is  remembered  that  the  losses  from  the  depredations 
of  insects  are  conservatively  estimated  at  $400,000,000  per 
annum,  and  that  the  average  annual  loss  from  rust  in  the 
wheat-growing  region  of  the  United  States  is  the  equivalent 
of  the  annual  bread  requirements  of  twenty-five  millions  of 
people,  it  will  at  once  be  recognized  how  much  can  be  done 
in  these  directions  toward  relieving  any  increased  pressure  of 
population  upon  the  means  of  subsistence. 
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The   Economic   Situation'   of    Pittsburg.      By   George    H.    An- 
derson,   Pittsburg,    Pa. 


The  Electrical  Industries  of  Pittsburg  and  their  Economic 
Influence.      By  G.    H.   Gibson,   Pittsburg,  Pa. 


The   Genesis  of  Pittsburg  as  a  Seat  of   Iron   Manufacture. 
By  J.   B.  Johnston.  Pittsburg,  Pa. 


Some  Consequences  of  the  Trust  Movement.      By  H.  T.  New- 
COMB.     Philadelphia,     Pa. 


A  Study  of  the  Dairy  Statistics  of  the  Twelfth  Census  of 
the  United  States.  By  Henry  E.  Alvord.  U.  S.  Depart- 
ment of  Agriculture,   Washington.   D.   C. 


The    Passing    of    the    Hired    Man    on    Farms.      By    Le    Grand 
Powers,   Census   Office,    Washington,    D.    C. 


Views  of  a  Country  Roadside.      By  W.  J.  Beal,  Michigan  Agri- 
cult  ual   College.    Agricultural    College,    Mich. 


The    Timber   Trees   of   Ohio   and   Their   Economic    Uses.      By 
William  R.   Lazenby,  Ohio  State  University,  Columbus,  Ohio. 
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The  Necessity  of  Co-operation  Between  the  Federal  Census 
Office  and  State  Statistical  Offices.  By  Carroll  D. 
Wright.  Department  of  Labor.  Washington,  D.  C. 


The  Change  of  Position,  During  the  Nineteenth  Century. 
of  the  Business  Corporation.  By  Simeon  E.  Baldwin, 
Connecticut    Supreme    Court,    New    Haven,    Conn. 


The  Progress  of  Irrigation  as  Disclosed  by  the  Returns  of 
the  Twelfth  Census.  By  F.  H.  Newell,  U.  S.  Geological 
Survey,    Washington.    D.    C. 


Progress  in  Insurance  Engineering.      By  Edward  Atkinson, 
Boston,   Mass. 


The    Practical    Handling    of    Woodlands.      By    Gifford    Pin- 
chot,   U.    S.    Department   of  Agriculture,    Washington.    D.    C. 


Public  Protection  of  Private  Savings.      By  James  H.   Blod- 
gett,  U.  S.   Department  of  Agriculture.  Washington,  D.  C. 


Problems  and  Possibilities  of  a  Department  of  Commerce. 
By  John  Franklin  Crowell,  Bureau  of  Statistics,  Treasury- 
Department ,    Washington,    D.    C. 


Local  Life  by  Local  Time,  Expressed  in  Standard  Time.      By 
Edward  S.  Warren,  Newton,  Mass. 


Voluntary  Associations  Among  Cuban  Working  People.      By 
Victor  S.  Clark,  Washington,  D.  C. 
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Municipal  Insurance  Against  Unemployment  in  Europe.      By 
Henry  J.   Harris,  Department  of  Labor,  Washington,  D.  C. 


Social  Bacteria  and  Economic  Microbes,  Wholesome  and 
Noxious.  A  Study  in  Smalls.  By  Edward  Atkinson, 
Boston,    Mass. 

The  Development  of  American  Commerce — Past,  Present, 
Prospective.  By  O.  P.  Austin,  Bureau  of  Statistics,  Treasury- 
Department,    Washington,    D.    C. 


Recent  Light  on  the  Per  Capita  Wheat  Consumption  Ques- 
tion.     By  Henry  Farquhar,  Census  Office,  Washington,  D.  C. 


Municipal  Government  in  the  Philippines.      By  Clarence  R. 
Edwards,  War  Department,  Washington,  D.  C. 


The  Formative  Period  of  a  Great  City:  A  Study  of  Greater 
New  York.      By  Wm.  H.  Hale,  Brooklyn,  N.  Y. 


. 
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Physiology  and  Experimental 
Medicine. 


OFFICERS  OF  SECTION    K. 


Vice-President  and  Chairman  of  the  Section. 
W.  H.  Welch,  Baltimore,  Md. 

Secretary. 
F.   S.   Lee,   New   York,  X.   Y. 

Member   of   Council 
J.    McK.    Cattell. 

Sectional  Committee. 
C.  S.  Minot,  R.  H.  Chittenden,  D.  S.  Lamb. 

Member   of  General   Committee. 
A.  M.  Bleile. 


(No  papers  were  read  before  Section  K  at  the  Pittsburg  Meeting.) 
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REPORT    OF    THE    GENERAL    SECRETARY 


The  fifty-first  meeting,  held  in  Pittsburg,  from  June  2S  to  July 
3.  may  be  held  to  be  fairly  typical  of  the  general  development  of 
the  Association  during  the  last  few  years,  and  as  one  which  goes 
far  toward  realizing  some  of  the  more  serious  purposes  of  the 
organization. 

The  total  number  of  members  in  attendance  was  431,  which 
places  the  meeting  far  up  toward  the  head  of  the  list,  so  far  as  this 
feature  is  to  be  taken  into  account,  and  the  roll  includes  an  un- 
usual proportion  of  the  worthiest  names  among  American  men 
of  science.  Especially  large  attendance  in  physics,  chemistry, 
mechanics  and  engineering  may  be  attributed  to  the  opportunity 
afforded  the  members  of  inspecting  the  great  number  of  manu- 
facturing establishments  in  and  about  Pittsburg,  which  exhibit 
some  of  the  most  modern  and  interesting  examples  of  the  applica- 
tions of  the  branches  in  question.  This  feature  of  the  meeting 
was  most  fully  exploited  by  the  local  committee,  about  fifty  ex- 
cursions having  been  arranged,  some  of  which  entailed  the  charter 
and  use  of  large  river  steamers  for  an  entire  day.  The  arrange- 
ments for  the  excursions  and  for  the  general  entertainment  of  the 
members  were  on  a  larger  scale  than  anything  attempted  at  recent 
meetings  of  the  Association,  the  local  committee  having  collected 
and  at  its  disposal  a  fund  of  $9,000.00  for  this  purpose.  In  face 
of  such  splendid  liberality  it  must  be  added,  somewhat  ungraciously 
perhaps,  that  the  agreement  with  the  headquarters  hotel  was  so 
loosely  made  that  exorbitant  rates  were  demanded  of  those  who 
found  it  necessary  to  occupy  quarters  near  the  center  of  business 
interest  of  the  Association. 

A  census  of  the  papers  read  before  the  several  sections  and 
affiliated  societies  shows  that  320  papers  and  addresses  were  given, 
in  addition  to  the  various  lectures  by  the  presiding  officers  of 
these  organizations  and  the  other  special  lectures  in  the  evening 
sessions,  which  would  probably  bring  the  total  up  to  nearly  350. 
An  analysis  of  the  special  papers  discloses  the  fact  that  their  titles 
were  distributed  among  the  separate  branches  of  science  as  follows: 
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Mathematics  and  astronomy 24 

Physics 59 

Chemistry 69 

Mechanical  science  and  engineering 23 

Geology  and  geography 26 

Zoology 28 

Botany 79 

Anthropology 3° 

Social  and  economic  science 22 

The  membership  shows  a  steady  increase,  the  total  number  at 
the  close  of  the  sessions  being  about  3,500  (as  compared  with  about 
2,Soo  at  the  close  of  the  Denver  meeting,  September  1,  1901),  and 
the  financial  affairs  of  the  Association  are  also  in  a  very  satis- 
factory condition.  A  notable  event  in  this  connection  was  the 
transfer  by  the  request  of  the  Permanent  Secretary  of  $2,000.00 
from  his  funds  to  the  permanent  fund  in  the  hands  of  the  Treasurer, 
a  result  largely  due  to  the  skilful  business  management  of  the 
affairs  of  the  association  by  the  Permanent  Secretary,  which 
called  out  a  special  vote  of  thanks  by  the  Council. 

But  little  was  done  in  the  way  of  new  legislation  of  importance. 
A  single  Amendment  to  Article  20  of  the  Constitution  was  pro- 
posed by  which  the  words  "for  one  week  or  longer"  are  to  be 
omitted.  This  amendment  will  come  up  for  action  at  the  next 
meeting,  and  would  have  the  effect  of  allowing  meetings  of  less 
than  a  week's  duration  to  be  held  under  the  action  of  the  Council. 
This  section  now  reads  as  a  result  of  an  amendment  completed  at 
this   meeting: 

Art.  20.  The  Association  shall  hold  a  public  meeting  annually, 
for  one  week  or  longer,  at  such  time  and  place  as  may  be  deter- 
mined by  vote  of  the  General  Committee,  and  the  preliminary 
arrangements  for  each  meeting  shall  be  made  by  the  Local  Com- 
mittee, in  conjunction  with  the  Permanent  Secretary  and  such 
other  persons  as  the  Council  may  designate.  But  if  suitable  pre- 
liminary arrangements  cannot  be  made,  the  Council  may  after- 
ward change  the  time  and  place  appointed  by  the  General  Com- 
mittee, if  such  change  is  believed  advisable  by  two-thirds  of  the 
members  present. 

As  a  result  of  other  amendments  other  portions  of  the  Constitu- 
tion now  read  as  follows: 

Art.  9.  The  officers  of  the  Association  shall  be  elected  by  ballot 
by  the  General  Committee  from  the  Fellows,  and  shall  consist  of  a 
President,  a  Vice-President  from  each  Section,  a  Permanent 
Secret arv.  a  General  Secretary,  a  Secretary  of  the  Council,  a  Treas- 
urer, and  a  Secretary  of  each  Section;  these,  with  the  exception  of 
the    Permanent   Secretary,  the  Treasurer,   and  the   Secretaries  of 
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the  Sections,  shall  be  elected  at  each  meeting  for  the  following  one, 
and,  with  the  exception  of  the  Treasurer  and  the  Permanent  Sec- 
retary, shall  not  be  re-eligible  for  the  next  two  meetings.  The 
term  of  office  of  the  Permanent  Secretary,"  of  the  Treasurer,  and  of 
the  Secretaries  of  the  Sections,  shall  be  live  years. 

Art.  i 8.  The  Council  shall  consist  of  the  Past  Presidents  and 
the  Vice-Presidents  of  the  last  two  meetings,  together  with  the 
President,  the  Vice-Presidents,  the  Permanent  Secretary,  the 
General  Secretary,  the  Secretary  of  the  Council,  the  Secretaries 
of  the  Sections,  and  the  Treasurer  of  the  current  meeting,  of  one 
Fellow  elected  from  each  Section  by  ballot  on  the  first  day  of  its 
meeting,  of  one  Fellow  elected  by  each  Affiliated  Society,  and  one 
additional  Fellow  from  each  Affiliated  Society  having  more  than 
twenty-five  members  who  arc  Fellows  of  the  Association,  and  of 
nine  Fellows  elected  by  the  Council,  three  being  annually  elected 
for  a  term  of  three  years,  etc.,  etc. 

Art.  23.  Immediately  on  the  organization  of  a  Section  there 
shall  be  a  member  or  Fellow  elected  by  ballot  after  open  nomina- 
tion, who,  with  the  Vice-President  and  Secretary  and  the  Vice- 
President  and  Secretary  of  the  preceding  meeting  and  the  Mem- 
bers or  Fellows  elected  by  ballot  at  the  four  preceding  meetings, 
shall  form  its  Sectional  Committee.  The  Sectional  Committees 
shall  have  power  to  fill  vacancies  in  their  own  numbers.  Meetings, 
of  the  Sections  shall  not  be  held  at  the  same  time  with  a  General 
Session.  The  Sectional  Committee  may  invite  distinguished 
foreign  associates  present  at  any  meeting  to  serve  as  honorary 
members  of  said  committee. 

By  the  action  of  the  General  Committee  the  next  meeting  of  the 
Association  will  be  held  at  Washington.  D.  C,  December  29,  1902, 
to  January  3,  1903,  and  will  be  the  first  held  during  the  newly 
aranged  convocation  week  as  arranged  and  agreed  to  by  more 
than  fifty  of  the  more  prominent  American  Universities.  The 
General  Committee  failed  to  take  the  usual  step  of  indicating  the 
probable  time  and  place  of  the  second  meeting  to  follow,  the  con- 
sensus of  opinion  being  that  it  would  be  profitable  to  await  the 
result  of  the  mid-winter  meeting  before  a  decision  is  reached  as 
to   the  desirability  of  such  arrangements  in  the  future. 

At  the  request  of  representatives  of  the  organizations  concerned 
the  American  Anthropological  Association  and  the  National  Geo- 
graphic Society  were  made  affiliated  societies  for  the  Pittsburg 
meeting. 

Of  the  reports  of  committees  that  on  the  relations  of  the  journal 
Science  to  the  Association  may  be  taken  to  be  of  the  greatest 
importance  to  the  general  policy  of  the  Association.  The  report 
as  adopted  by  the  Council  is  given   below: 
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Committee  on   the    Relations   of    the  Journal  Science  with 

the    Association. 

This  committee  is  able  to  report  that  the  arrangement  by  which 
Science  is  sent  to  members  of  the  Association,  appears  to  be  ad- 
vantageous to  the  Association  and  to  the  advancement  and  dif- 
fusion of  science  in  America.  At  the  beginning  of  the  New  York 
meeting  two  years  ago  when  the  plan  was  adopted  the  member- 
ship of  the  Association  was  1,721,  whereas  it  is  now  about  3,450. 
The  Permanent  Secretary  states  that  the  money  derived  from  the 
initiation  fees  of  new  members  has  sufficed  to  send  Science  to  all 
members  of  the  Association  for  the  eighteen  months  during  which 
the  arrangement  has  been  in  effect.  In  order,  however,  that  the 
finances  of  the  Association  may  be  on  a  satisfactory  basis  without 
depending  on  the  initiation  fees  of  new  members,  and  in  order  that 
the  publishers  of  Science  may  not  lose  by  the  arrangement  the 
membership  must  be  4,000  and  should  be  5,000.  We  recommend 
that  special  efforts  be  made  to  increase  the  membership  to  at  least 
4,000   at  the  time  of  the   Washington   meeting. 

We  recommend  that  we  be  authorized  to  renew  for  the  year  1903 
the  present  contract  with  the  Macmillan  Company,  according  to 
which  Science  is  sent  to  all  members  of  the  Association  in  good 
standing  on  the  payment  of  $2  for  each  member  from  the  funds  of 
the  Association. 

Professor  Simon  Xewcomb,  the  Chairman  of  this  Committee,  is 
abroad,  but  it  is  known  that  he  concurs  in  its  recommendations. 
(Signed)  Charles   S.    Minot, 

G.    K.    Gilbert, 
R.    S.    Woodward, 
J.    McK.   Cattell, 
L .    O .    Howard. 

The  general  proceedings  of  the  Association,  inclusive  of  action  by 
the  Council  of  general  interest,  but  which  did  not  come  before  the 
General  Sessions,  are  as  follows: 

The  first  General  Session  was  held  in  Music  Hall,  Carnegie  In- 
stitute, (in  .Monday,  June  30,  at  10  A.  M.,  with  the  retiring  President, 
Dr.  C.  vS.  Minot,  in  the  chair. 

After  the  meeting  had  been  called  to  order,  the  following  in- 
vocation was  offered  by  the  Rev.  Lemuel  Call  Barnes,  D.  D. 

O  God.  we  thank  Thee  that  this  Universe  is  intelligent.  We 
thank  Thee  that  we  are  permitted  to  study  it;  and  we  thank  Thee 
that  the  more  we  studyit  the  more  we  see  that  it  is  rilled  with 
thought.  We  thank  Thee  that  it  is  our  duty  to  look,  and  work, 
for  the  joy  of  discovery;  for  the  great  thrill  that  comes  to  any  man 
who  finds  some  new  trace  of  intelligence  in   this  world. 
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We  pray  Thee  help  us  to  understand  it  better  and  better,  and 
let  Thy  blessing  rest  upon  this  gathering,  which  is  intended  to 
stimulate  a  knowledge  of  Thy  Word. 

We  thank  Thee.  O  God,  that  it  is  a  universe:  That  there  is  one 
Law  that  pervades  it  all.  We  pray  Thee  help  us  to  trace  this 
back  farther  and  farther,  until  we  come  to  the  ultimate  reality, 
and  if  it  be  Thyself,  divine,  infinite,  perfect  Love,  we  pray  Thee 
help  us  to  submit  ourselves  and  to  surrender  our  lives  gladly  to  the 
conception  of  this  ultimate  reality  and  to  the  promulgation  of  this 
ultimate  Truth  to  those  who  know  it  not.  Be  close  to  every  officer 
and  speaker  in  all  this  gathering  here  in  Pittsburg,  and  grant  that 
there  may  be  left  a  quickened  intellectual  life  in  our  community, 
because  of  the  coming  of  these  searchers  of  divine  Truth  among 
us.  And  as  they  return  to  their  homes  may  they  carry  with  them 
that  which  will  make  their  work  as  investigators  and  teachers  still 
more  effective  in  the  beginning  of  this  new  century:  In  the  Name 
vof  Him  who  has  shown  us  most  of  Thyself,  even  Jesus,  the  Car- 
penter of  Nazareth.      Amen. 

Dr.  Minot,  in  introducing  the  President-elect.  Professor  Asaph 
II all.    U.  S    X..  spoke  as  follows: 

My  duty  is  very  brief.  I  come  here  as  the  retiring  officer  of  the 
Association  to  have,  as  the  last  act  of  my  administration,  the  pleas- 
ant duty  of  handing  over  the  responsibilities  to  one  whom  we  all 
honor  in  the  highest  respect,  and  who  stands  for  a  very  lofty  ideal 
of  scientific  research:  one  who  has  attained,  what  many  scientific 
men  fail  to  attain,  a  reputation  which  extends  far  beyond  the 
realms  of  science,  practically  speaking,  for  to  him  was  accorded 
the  privilege  of  discovering  one  of  those  features  of  the  heavens 
which  appeal  to  the  imagination,  the  Satellites  of  Mars. 

To  the  popular  mind  perhaps  this  great  discovery  stands  as  the 
most  prominent  service  of  my  successor.  I  speak  not  for  myself, 
but  as  the  mouthpiece  of  competent  Astronomers  who  have  told  me 
that  this  discovery,  great  as  it  is.  represents  only  a  small  part,  and 
not  perhaps  the  greatest  part,  of  the  services  which  Professor  Hall 
has  rendered  to  astronomical  science. 

This  Association  is  more  indebted  to  him  personally  for  many 
vears  of  faithful  service,  of  great  helpfulness,  and  I  esteem  it  per- 
sonally the  greatest  possible  honor  that  after  having  been,  myself, 
President  of  this  Association.  I  should  have  the  pleasure  of  turning 
over  the  duties  of  the  office  to  Professor  Hall. 

Professor  Hall  then  called  upon  Dr.  W.  J.  Holland,  Director  of  the 
Carnegie  Museum  and  Chairman  of  the  Local  Committee,  who 
made  the  following  remarks: 

Mr.  President.  Ladies  and  Gentlemen:  I  deem  it  a  very  high 
honor  to  be  permitted,  on  behalf  of  the  Hon.  J.  O.  Brown,  Chief 
Magistrate   of  the   City  of   Pittsburg,   and   on   behalf  of  the   Hon. 
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J.  R.  Murphy,  Chief  Magistrate  of  the  City  of  Allegheny,  as  their 
representative  in  behalf  of  the  municipality,  to  welcome  here  to- 
day the  American  Association  for  the  Advancement  of  Science. 

We  recognize,  Mr.  President,  the  fact  that  your  Association 
represents,  in  the  very  highest  degree,  that  intellectual  vigor  and 
that  spirit  of  scientific  research  which  made  the  Nineteenth  Cen- 
tury one  of  the  most  memorable  of  all  the  centuries,  and  which 
promises  to  make  the  Twentieth  Century  the  century  of  unparalleled 
achievements.  These  cities  welcome  you  to-day  as  those  whose 
brilliant  discoveries  have  made  possible  to  a  very  large  extent  the 
industries  which  are  pouring  wealth  into  the  laps  of  our  people. 
If  there  be  any  city  in  this  Union  which  owes  a  debt  to  men  of 
Science,  and  which  should  endeavor  to  foster  scientific  research, 
it  is  this  great  city  which  depends  more  than  any  other  upon  the 
brains  of  men  scientifically  trained  in  technical  schools  in  college 
and  in  university,  for  everything  which  tends  to  make  her  great. 

I  am  commanded,  tinder  the  appointment  which  I  have  re- 
ceived, to  declare  to  you,  Mr.  President  and  members  of  the  Associa- 
tion, that  the  gates  of  this  city  are  wide  open  to  you,  that  you  may 
come  in  and  partake  of  our  hospitality.  I  am  bidden'  to  invite 
you  to  participate  with  us  in  the  celebration  of  Independence  Day, 
and  I  am  commanded  to  inform  you  that  the  President  of  the 
United  States  will  be  with  us  upon  that  occasion  as  the  guest  of  the 
city,  and  it  is  the  hope  expressed  by  the  Chief  Magistrates  whom 
I  represent  that  we  may  all  celebrate  this  great  day  together. 
(Applause.) 

I  beg  to  remind  you,  Mr.  President  and  members  of  the  Associa- 
tion, that  these  two  cities,  with  their  outlying  suburbs  and  muni- 
cipalities, constitute  an  aggregation  of  population  amounting  to- 
day to  nearly  750,000  souls.  Were  they  all  brought  together 
under  one  government,  which  some  of  us  devoutly  hope  may  soon 
occur,  the  greater  Pittsburg  would  be  the  fifth  city  in  rank  in  the 
Union  in  the  matter  of  population,  as  it  is  the  fifth  city  in  the 
volume  of  business  which  it  transacts  through  its  clearing  house. 

It  is  as  the  representative,  therefore,  of  no  mean  city  that  I  wel- 
come you  into  our  midst  to-day  asking  you  to  participate  in  that 
traditional  hospitality  upon  which  we  who  live  here  in  what  Ban- 
croft has  called  the  Gateway  of  the  West  pride  ourselves.  Permit 
me  to  remind  you  incidentally  that  you  are  on  historic  ground. 
It  was  here  that  the  stripling  surveyor  who  afterwards  came 
to  be  known  as  the  Father  of  his  Country  won  his  first  laurels. 
It  was  here  that  the  first  blow  was  delivered  by  Anglo-Saxon 
men  in  that  mighty  war  the  thunders  of  which  reverberated  around 
the  world  and  which  eventuated  in  the  displacement  of  the  lilies 
of  France  by  the  lion  of  St.  George,  later  to  be  supplanted  by  the 
Stars     and     Stripes.      Through      these      valleys     which     we    hope 
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to  show  you,  flanked  1  >n  ei1  her  side  by  great  manufacturing  suburbs, 
for  four  or  five  decades  poured  that  mighty  army  of  invasion, 
greater  than  any  army  that  swept  in  mediaeval  times  from  north 
to  south  of  Europe  going  forward  to  take  possession  of  the  con- 
tinent across  which  it  has  swept  until  it  has  reached  the  shining 
western  sea,  over  which  it  is  now  pressing  forward  to  far-off  Indian 
Isles. 

This  city  has  been  the  scene  of  many  great  movements.  Many 
great  movements  have  been  bora  lure.  Permit  me  to  remind  you 
that  the  great  Republican  Party  held  its  first  great  Convention  in 
Lafayette  Hall,  a  building  which  has  Ion-  since  given  place  to  one 
•of  the  palaces  of  trade.  It  was  here  that  a  large  part  of  the  muni- 
tions of  war  which  were  used  to  quell  the  spirit  of  disunion  in  this 
land  many  years  ago  were  forged  in  our  furnaces.  Here  to-day 
much  of  the  armor  for  our  ships  of  battle  is  made,  and  the  rails 
which  bind  the  commerce  of  the  country  together,  and  much  of 
the  machinery  which  drives  her  manufacturing  industries  is 
created. 

Welcome  to  Pittsburg!  The  greater  Pittsburg!  of  which  her 
own  Poet  has  sung: 

My  father  was  a  mighty  Vulcan; 

I  am  Smith  of  the  land  and  sea; 
The  cunning  spirit  of  Tubal-Cain 

Came  with  my  marrow  to  me. 
I   think  great  thoughts  strong-winged   with   steel, 

I  coin  vast  iron  acts; 
I  orb  the  impalpable  dream  of  seers 

Into  comely  lyric  facts. 

I  am  Monarch  of  all  the  Forges, 

I  have  solved  the  riddle  of  fire, 
The  Amen  of  Nature  to  cry  of  Man 

Answers  at  my  desire. 
I  search  with  the  subtle  soul  of  flame 

The  heart  of  the  rugged  Earth, 
And  hot  from  my  anvils  the  prophecies 

Of  the  miracle-years  leap  forth. 

I  am  swart  with  the  soots  of  my  furnace. 

I  drip  with  the  sweats  of  toil; 
My  fingers  throttle  the  savage  wastes, 

I  tear  the  curse  from  the  soil. 
I  fling  the  bridges  across  the  gulfs 

That  hold  us  from  the  To- Be, 
And  build  the  roads  for  the  bannered  march 

Of  crowned   humanity. 
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Mr.riiairman.it  gives  me  pleasure  to  yield  to  my  friend  and 
colleague.  Col.  Samuel  H.  Church,  known  as  Poet.  Historian, 
Novelist,  and  man  of  affairs,  who  as  Secretary  of  the  Carnegie  In- 
stitute, in  the  absence  of  the  President  of  the  Board,  which  he 
greatly  regrets,  will  extend  a  welcome  to  you  on  behalf  of  the  in- 
stitution which,  together  with  the  municipality,  has  invited  you 
here  to-day. 

Col.  Church  spoke  as  follows: 

Mr.  President.  Fellow  Members,  Ladies  and  Gentlemen:  Science 
is  not  wholly  unknown  in  Pittsburg.  When  the  papers  announced 
that  our  great  monster  the  Diplodicus  was  on  view  here  one  of  the 
Trustees  of  this  Institute  hastened  out  and  demanded  that  he 
should  immediately  be  shown  that  eighty-foot  Opidilduc.  The 
objects  we  have  on  view  are  calculated  to  expand  the  mind  of  youth. 
It  was  only  last  week  that  a  gentleman  was  going  up  the  stairs  to 
the  Art  Gallery  with  his  little  boy.  When  they  came  suddenly 
upon  that  splendid  masterpiece  of  all  time,  ever  fresh  and  young 
in  the  charm  of  magnificent  womanhood,  the  little  boy  said, 
"What  is  that,  father?"  "Why,  that,  my  son,  is  the  Venus  of 
Milo."  "Well,"  replied  the  little  fellow,  as  he  gazed  at  the  arm- 
less wonder,  "I  did  not  know  they  had  trolley  cars  in  those  days." 
That  bov's  mind  worked  in  an  a  priori  groove.  Somewhat  like 
him  was  the  little  girl  who  when  shown  the  dwarf,  and  told  that  he 
was  40  years  old  and  only  28  inches  tall,  remarked,  "Good  gra- 
cious!     He  must  have  been  brought  up  on  condensed  milk." 

Pittsburg  is  glad  to  have  you  here.      But,  when  you  come  to  the 
discussion  of  your  great  problems,  and  behold  us  listening,  open- 
mouthed,   do  not  be  surprised  if  you  feel   like  the  man  in  Gold 
smith's  Deserted  Village: 

While  words  of  learned  length,  and  thunderous  sound 
Amazed  the  rustics  ranged  around; 
And  still  they  gazed,  and  still  the  wonder  grew 
That  one  small  head  could  carry  all  he  knew. 

(  )f  industrial  Pittsburg,  of  which  Mr.  Anderson  is  soon  to  speak, 
you  will  hear  much  and  see  much  while  you  are  here.  She  takes 
the  crude  materials  from  the  teeming  bosom  of  our  mother  Earth. 
wherever  they  may  be  found,  and  transmuting  them  into  forms 
of  utility  and  beauty,  distributes  them  again  unto  the  remotest 
habitations  of  humanjsociety.  This  gives  her  a  tonnage  by  river 
and  rail  which  exceeds  the  tonnage  by  river  and  rail  of  any  other 
city  in  the  world.  Her  rail  tonnage  is  three  times  greater  than 
that  of  New  York,  double  thatjof  London,  four  times  that  of  Paris, 
and  greater  than  the  rail  tonnage  of  New  York,  Boston  and  Chicago 
combined '      (Applause.  1 
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But  while  these  unparalleled  manufactures  have  given  Pitts- 
burg great  wealth,  population  and  power,  it  would  he  hut  tin- 
idle  boast  of  Belshazzar  to  say  that  commercial  supremacy  is  the 
ultima  thule  of  her  people.  She  has  the  handsomest  Court-house 
in  the  world.  Her  schools  and  churches  abound.  She  spends  a 
quarter  of  a  million  dollars  annually  on  her  parks.  She  has  twelve 
miles  of  boulevards  where  the  clang  of  the  trolley-car  is  forever 
prohibited;  she  has  given  many  famous  names  to  science,  litera- 
ture and  the  arts;  she  maintains,  by  popular  support,  one  of  the 
three  symphony  orchestras  of  America.  (Applause.)  She  has 
in  hand  the  endowment  of  a  great  school  of  Technology,  and  her 
rich  men  are  beginning  to  give  of  their  surplus  wealth  to  the  ex- 
pansion of  our  intellectual  and  spiritual  life,  stimulated  thereto 
by  one  whose  monument  you  have  but  to  look  about  you  to  see,  in 
this  Carnegie  Institute.      (Applause.) 

Mr.  President,  to  me  the  most  inspiring  thing  about  your  illus- 
trious Association  is  the  continuity  of  your  work.  The  threads  of 
your  researches  run  back  from  this  meeting  into  the  misty  in- 
vestigations of  dead  centuries.  How  essential  it  is  that  in  doing 
the  world's  work  men  should  labor  together.  How  impotent  is 
all  individual  performance  or  renown  when  we  would  ascribe  infinite 
achievement  to  any  one  human  atom.  No  great  discovery  has 
been  made,  no  conquering  fact  developed,  but,  first  to  last,  con- 
sciously or  unconsciously,  has  grown  from  the  consecutive  thought 
of  earlier  workers.  Hipparchus.  the  first  of  the  astronomers, 
sweeping  the  heavens  with  his  yearning  eye,  was  able  to  count  1,012 
stars;  Ptolemy,  with  a  keener  sight,  counted  1,026;  while  Herschel, 
with  his  mighty  glass,  counted  twenty  millions.  Yet  I  believe  it 
was  the  high  purpose  of  Hipparchus  two  hundred  years  before  the 
Star  of  Bethlehem  appeared  in  the  blue  firmanent  that  at  last  in 
the  seventeenth  century  produced  the  first  telescope  in  the  hand 
of  Galileo.      Owen   Meredith  has  beautifully  said: 

Not  a  truth  has  to  Art  or  to  Science  been  given, 

But  brows  have  ached  over  it  and  souls  toiled  and  striven  : 

And  many  have  striven,  and  many  have  failed. 

And  many  died,  slain  by  the  truth  they  assailed. 

The  work  of  this  Association  has  elevated  and  illuminated  the 
work  of  our  civilization  for  fifty-one  years  throughout  our  land, 
and  nowhere,  as  Dr.  Holland  has  said,  more  than  right  here  in 
Pittsburg;  and  yet  your  labors  are  not  confined  to  America  only. 
You  are  in  harmony  with  men  who  seek  the  truth  in  other  lands 
and  nowhere  more  than  in  that  mother  country,  England,  where 
the  King  lies  in  pain  and  peril.  The  mother  sorrows  and  the  great 
daughter  in   the    West   yearns   with   keenest   sympathy   while    she 
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iwaits  the  final  word,  trusting  that  the  able  and  generous  monarch 
may  be  preserved  to  further  usefulness  and  honor  in  the  service  of 
his  country. 

Then  into  the  fellowship  of  this  imperial  city  and  to  this  Insti- 
tute, from  our  heart  of  hearts,  we  bid  you  thrice  welcome.  You 
are  brothers  of  all  true  men  here,  for  there  is  a  kinship  in  the 
work  of  the  human  intellect  which  binds  men  indissolubly  to- 
gether in  spite  of  intervening  oceans  and  continents,  the  confusion 
of  tongues  and  the  flight  of  time.      I  bid  you  welcome.      (Applause.) 

Col.  Geo.  H.  Anderson  then  spoke  as  follows: 

Ladies  and  Gentlemen  of  the  American  Association  for  the  Ad- 
vancement of  Science:  I  esteem  it  a  great  honor  indeed,  while  I 
feel  my  own  inadequacy,  to  present  the  congratulations  of  the 
people  of  Pittsburg  such  as  you  certainly  deserve.  Although  my 
friend.  Dr.  Holland,  has  almost  exhausted  the  subject,  I  thought  I 
would  trust  myself  to  give  you  a  few  facts  in  regard  to  the  great- 
ness of  Pittsburg,  so  that  in  your  journeyings  about  the  city  you 
may  see  for  yourselves  some  of  the  things  wdiich  have  been  stated 
from  this  platform. 

The  other  speakers  have  given  you  a  beautiful  and  polished 
speech.  However,  there  is  always  a  last  word,  and  I  will  just  re- 
mind my  friend,  Mr.  Holland,  that  he  forgot  one  thing.  He  spoke 
for  the  Recorders  of  Pittsburg  and  Allegheny,  but  he  neglected  to 
tell  you  that  both  these  gentlemen  have  said  they  would  suspend 
all  the  lawrs  of  the  city  while  this  Association  is  in  session  which 
might  interfere  with  your  pleasure  in  any  sense  of  the  word.  I 
am  sure  Dr.  Holland  will  excuse  me  for  reminding  him  of  the 
omission. 

You  will  see  that  I  am  rather  youthful  to  reminisce  back  even 
one  generation,  but  my  recollection  clearly  goes  back  to  the  time 
when  we  were  not  a  very  great  country,  and  when  this  city  was 
rather  a  small,  smoky  place,  the  butt  of  jokes.  One  gentleman 
said  he  passed  through  Pittsburg  and  it  looked  to  him  like  an  iron' 
pot  with  the  lid  off. 

In  1820  the  city  of  Pittsburg  had  a  very  small  population,  a 
few  factories  and  furnaces,  and  the  Ohio  river  carried  the  pro- 
ducts west.  Our  country  at  that  time  was  a  poor,  weak,  country; 
we  were  in  debt,  for  the  first  one  hundred  years  of  our  existence,  to 
the  older  countries  of  Europe.  We  needed  supplies,  and  all  the 
notes  we  could  get  discounted  Ave  carried  to  Europe  to  pay  for 
the  goods,  and  the  result  was  we  spent  a  good  deal  more  than  we 
made,  and  the  inevitable  result  was  bankruptcy,  every  ten  years 
•or  so.  But  we  would  start  anew — we  are  a  hopeful  people — and 
to-day,  to  the  astonishment  of  everybody,  where  it  was  our  am- 
bition to  send  at  least  as  much  out  as  to  pay  for  what  we  brought 
in  the  exports  of  this  country  exceed  by  over  two  million  dollars 
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every  day  what  is  brought  in,  and  in  consequence  of  that  we  are 
not  only  saved  from  debt,  but  are  ourselves  becoming  the  money 
centres  of  the  world,  and  the  old  countries  are  looking  on  in  amaze- 
ment and  dread.  And  Pittsburg  itself,  with  its  little  population 
in  1820,  just  about  equalled  by  the  half  dozen  small  cities  in  this 
neighborhood,  many  of  them  having  apparently  all  of  the  natural 
advantages  of  this  city,  has  gone  ahead  of  them.  They  have 
scarcely  grown  at  all,  while  Pittsburg  to-day,  if  all  put  together, 
would  have  a  population  of  over  700,000  people,  and  with  a  his- 
tory unsurpassed.  Now,  we  cannot  account  for  everything. 
Even  these  gentlemen  who  understand  science  will  tell  you  that 
there  is  a  jumping-off  place  somewhere.  But  these  little  cities 
have  made  comparatively  small  growth;  they  have  done  their 
best,  and  so  have  we. 

Now,  about  Pittsburg:  Early  in  this  century  Henry  Clay,  a 
wise,  far-seeing  statesman,  was  asked  to  vote  for  an  appropriation 
for  the  improvement  of  the  Ohio  river  so  that  the  people  could  get 
their  flat-boats  up  and  down  the  river.  And  Mr.  Clay  said  in  his 
speech  that  he  would  not  vote  such  an  appropriation,  for  the 
reason  that  the  Ohio  river  was  an  uncertain  stream,  one-half  the 
time  dried  up  and  the  rest  of  the  year  frozen  up.  And  he  defeated 
the  bill.  I  speak  of  this  incident  because  one  of  the  great  secrets 
of  the  prosperity  of  Pittsburg  is  found  in  her  abundant  trans- 
portation facilities.  The  Ohio  river,  to-day,  from  Pittsburg  alone, 
handles  twenty  millions  of  tons  of  freight  in  the  harbor  of  Pitts- 
burg. The  Monongahela  river  carried  last  year  sixteen  million 
tons  of  freight  from  Pittsburg;  the  Mississippi  river  fifteen  mil- 
lions of  tons  more.  Now  just  imagine,  if  you  can  for  an  instant, 
the  boom  that  is  carried  and  the  influence  that  is  brought  to  bear 
upon  the  valleys  of  the  Mississippi  and  the  Ohio  which  carries 
our  stuff  to  the  markets  of  the  world.  Now,  what  had  Science 
to  do  with  this  thing?  Much.  When  Mr.  Clay  said  that  the 
river  was  dried  up  one-half  the  year  and  frozen  up  the  rest  of  the 
time,  he  could  not  see  into  the  future,  but  we  know  better  now. 
We  have  a  representative  River  Improvement  Company,  and 
scientific  men  have  made  possible  the  construction  of  the  greatest 
river  improvement  apparatus  in  the  world.  We  have  opened 
clear  river  navigation;  not  a  piece  of  timber  or  rock  obstructs 
free  navigation  on  our  rivers.  When  it  has  fallen  we  create  a 
great  harbor;  then  the  dam  operates  in  the  river  and  the  stream 
is  made  serviceable.  This  system  has  been  adopted  by  the  U.  S. 
Government,  and  they  are  using  these  movable  dams,  The  most 
ingenious  men  we  ever  had  in  the  days  when  Mr.  Clay  made  his 
speech  never  dreamed  of  a  river  improvement  movement  like  this. 
So  much  for  science  in  the  improvement  of  the  Ohio  river. 

This  little  city,  as  I  told  you.  has  become  a  pretty  big  city  now, 
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and  I  tell  you  that  if  we  were  all  consolidated  we  would  be,  almost 
beyond  computation,  the  greatest  producing  centre  in  the  world, 
and  if  there  is  no  check  to  the  progress  of  the  industrial  plans  of  the 
city  of  Pittsburg  in  the  next  ten  or  twenty  years  she  will  be  the 
centre  of  an  unbroken  chain  of  nearly  one  hundred  miles  of  colossal 
plants.  And  we  rejoice  that  it  is  so,  for  a  thousand  reasons,  be- 
cause we  contribute  to  the  wealth  of  this  great  country,  and  it  has 
built  up  a  wealth  for  the  men  who  operate  these  establishments 
and  have  brought  them  to  perfection.  And  you  will  see  a  good 
deal  of  this  for  yourself.  A  year  ago  we  were  favored,  as  we 
often  are,  by  a  distinguished  visit.  This  gives  us  intense  pleasure, 
outside  of  any  personal  or  selfish  consideration,  to  extend  our 
hospitality  in  the  most  cordial  way  to  all  who  visit  us.  Last  fall 
the  United  States  Government  sent  its  Congressional  Commission 
here  to  consult  in  regard  to  canals.  To  the  gentlemen  of  that  Com- 
mission we  stated  a  number  of  things,  and  Dr.  Johnson  of  the 
Commission  suggested  that  we  make  a  written  report  and  that  we 
confine  ourselves  strictly  to  facts.  We  were  surprised  at  this  and 
I  said,  "Why  do  you  specially  request  us  to  stick  to  facts?" 
"  Well,"  he  said,  "  didn't  you  tell  us  that  the  tonnage  was  sixty-five 
million  tons?"  I  said,  "Yes."  "Well,"  he  said,  "you  are  clearly 
in  error  as  to  that,  because  that  is  four  times  the  tonnage  of  Chi- 
cago!" "  Well,"  I  said,"  that  is  precisely  what  we  mean."  2,500,000 
freigght  cars  carried  the  tonnage  of  Pittsburg  last  year.  It  .is 
almost  incredible,  but,  Mr.  Chairman,  the  next  day  we  took  those 
gentlemen  up  and  down  the  river,  and  when  they  saw  the  line 
of  industries  forty  or  fifty  miles  long,  and  when  one  concern  told 
us  a  few  figures,  he  said,  "I  am  done  with  the  freight  question. 
If  one  concern  can  handle  sixteen  million  tons,  this  unbroken  line 
of  works  will  certainly  do  the  rest." 

I  only  wish  to  say  how  much  we  are  gratified,  on  behalf  of  the 
great  industrial  interests,  to  meet  this  distinguished  body  of  men, 
and  all  the  more  so,  Mr.  Chairman,  because  we  know  that  the  insti- 
tution we  represent,  the  themes  that  are  published,  the  great 
amount  of  knowledge  that  is  disseminated,  by  the  body  you  repre- 
sent, are  things  which  have  made  Pittsburg  great.  Our  labor  and 
industry,  reinforced  by  science,  have  made  it  possible  for  Pitts- 
burg to  reach  its  eminence  to-day.  If  we  had  no  other  reason 
we  could  not  do  more  nor  less  than  to  extend  the  most  hearty  wel- 
come to  you  and  say  that  the  doors  are  wide  open,  and  we  bid 
you  a  hearty  welcome  to  enter  in  and  enjoy  our  city  to  its  utmost. 

In  replying  to  the  speeches  of  Dr.  Holland  and  other  representa- 
tives of  the  local  committee,  President  Hall  said: 

The  American  Association  for  the  Advancement  of  Science 
comes  to  hold  its  summer  meeting  in  your  city.  It  is  fortunate 
for  us  to  meet  in  the  city  of  Pittsburg,  famous  for  its  wonderful 
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production  of  iron  and  steel,  materials  which  lie  at  the  foundation 
of  modern  civilization.  We  are  glad  to  see  the  homes  of  men  who 
are  the  munificent  benefactors  of  our  libraries  and  of  our  scientific 
institutions.  We  shall  be  interested  in  visiting  the  great  shops 
where  you  convert  the  products  of  a  generous  nature  into  articles 
for  our  daily  use. 

Our  Association  was  founded  for  the  encouragement  and  dif- 
fusion of  scientific  learning.  Its  creed  is  very  simple.  It  re- 
quires in  the  novice  only  will  and  devotion.  It  is  our  business  to 
study  the  works  of  nature  by  observation  and  experiment,  and 
it  is  our  duty  to  conform  our  conduct  to  her  laws.  We  invite  all 
to  join  us  in  this  work,  for  we  believe  that  along  this  line  of  investi- 
gation lies  the  true  road  of  progress  for  the  human  family.  But  we 
are  free.  We  do  not  wish  to  impose  our  ideas  on  others,  but  pre- 
fer to  leave  them  to  the  operations  of  reason  and  judgment.  If  a 
brother  goes  astray,  and  tries  to  square  the  circle,  there  is  no  trial 
for  heresy.  We  let  him  alone,  feeling  sure  that  time,  the  im- 
placable enemy  of  error,  will  lead  him  back  to  the  truth.  Cicero  tells 
us  that  time  overthrows  the  opinions  of  men,  and  confirms  the 
decisions  of  nature.  With  full  confidence  in  this  sentiment  we  go 
on  in  our  work,  "without  haste,  and  without  rest." 

A  lecture  on  "The  Prevention  of  the  Pollution  of  Streams  by 
Modern  Methods  of  Sewage  Treatment,"  by  Dr.  Leonard  P.  Kin- 
nicutt,  was  given  in  the  Music  Hall,  Carnegie  Institute,  on  Monday 
evening,  June  30,  and  the  address  of  the  retiring  President,  Dr. 
C.  S.  Minot,  was  delivered  in  the  same  place  on  the  following  even- 
ing. Mr.  Robert  T.  Hill,  of  the  U.  S.  Geological  Survey,  gave  an 
illustrated  lecture  on  "The  Recent  Disaster  in  Martinique"  in 
the  same  place,  on  Thursday  evening,  July  3,  which  formed  the 
concluding  exercise  of  the  meeting. 

In  order  to  facilitate  business  and  shorten  the  period  of  necessary 
attendance  of  certain  members  of  the  Council,  it  was  voted  by 
that  body  that  its  duties  be  delegated  to  an  executive  committee 
consisting  of  the  Secretaries  of  the  Association  and  the  Secretaries 
of  the  several  Sections  for  the  session  of  the  Saturday  preceding 
the  week  of  the  meeting  in  which  the  program  is  offered. 

The  Permanent  Secretafy  was  instructed  to  express  to  the  Secre- 
tary of  the  Smithsonian  Institution  the  appreciation  of  the  Asso- 
ciation for  his  services  to  science  in  providing  for  a  table  at  the 
Naples  Biological  Station. 

The  Washington  Committee  on  the  election  of  new  members 
during  the  interim  of  Council  meetings  was  continued  with  power. 

A  message  of  sympathy  was  sent  to  King  Edward  of  England. 

Reports  to  Section  A,  by  Alexander  Macfarlane  on  quater- 
nions, and  by  H.  B.  Newson  on  the  theory  of  collineations,  were 
ordered  printed  in  full  in  the  proceedings.      The  following  resolu- 
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tions   mi    the    American    International   Archeological   Commissioti, 
recommended  by  Section  H,  were  approve'd  and  adopted  by  the 

Council  and  ordered  printed: 

Whereas,  The  Second  International  American  Conference, 
commonly  known  as  the  Pan-American  Congress,  in  session  duly 
assembled  in  the  City  of  Mexico,  January  29,  1902,  adopted  a 
recommendation  to  the  several  American  nations  participating  in 
the  Conference,  that  an  "American  International  Archeological 
Commission"  be  created; 

Whereas,  The  recommendation  has  been  transmitted  by  the 
President  of  the  United  States  to  the  Congress  (Senate  Document 
No.  330  of  the  57th  Congress,  1st  Session),  thereby  giving  the  pro- 
ject official  status  in  the  United  States;   and, 

Whereas,  The  recommendation  is  in  full  accord  with  the  spirit 
and  objects  of  American  science  while  international  agreement  in 
laws  relating  to  antiquities  is  desirable;  therefore 

Resolved,  That  the  American  Association  for  the  Advancement 
of  Science  heartily  concurs  in  the  recommendation  of  the  Second 
International  American  Conference. 

Resolved  further,  That  the  Secretary  of  the  Association  send  a 
copy  of  this  Resolution  to  the  Director  of  the  Bureau  of  American 
Republics,   as  an  expression  of  the  judgment  of  the  Association. 

Adopted  by  Section  H  on  this  July  2,  1902,  and  recommended 
to  the  Council  for  adoption  on  behalf  of  the  Association. 

Stewart     Culin, 

Chairman . 
Harlan  I.  Smith, 

Secretary. 

Reports  of  Standing  Committees  were  presented  and  ordered 
printed  as  below: 

Twentieth   Annual    Report   of   the   Committee   on  Indexing 
Chemical   Literature. 

The  Committee  on  Indexing  Chemical  Literature,  appointed  by 
your  body  in  1882,  respectfully  presents  to  the  Chemical  Section 
its  Twentieth  Annual  Report,  covering  the  ten  months  ending 
June   1 ,   1902. 

WORKS     PUBLISHED. 

A  bibliography  of  the  Analytical  Chemistry  of  Manganese,  1785- 
1900.  By  Henry  P.  Talbot  and  John  W.  Brown.  City  of 
Washington,  published  by  the  Smithsonian  Institution,  1902.  8°. 
viii  -f  124  pp.  Smithsonian  Miscellaneous  Collections,  VoL 
XLI.      (Number   1313.) 
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Index  to  the  literature  of  the  Spectroscope  (1887—1900,  both  dates 
inclusive),  [continuation  of  the  previous  index  by  the  same 
author  published  in  1888. J  By  Alfred  Tuckerman.  Wash- 
ington City,  published  by  the  Smithsonian  Institution.  1902. 
8°.  iii  -|-  373  pp.  Smithsonian  Miscellaneous  Collections,  Vol. 
XLI.      (Number  13 12.) 

Chemical  Societies  of  the  Nineteenth  Century.  By  Henry  Carring- 
ton  Bolton.  City  of  Washington,  published  by  the  Smithson- 
ian Institution,  1902.  8°.  15  pp.  Smithsonian  Miscellaneous 
Collections,  Vol.   XLI.      (Number   13  14 .) 

This  contains  a  list  of  the  serials  published  by  the  Societies, 
fifty-six  in  number,  statistics  of  membership  for  1900,  titles  of 
periodicals,  etc. 

On  a  System  of  Indexing  Chemical  Literature,  adopted  by  the  Classi- 
fication Division  of  the  U.  S.  Patent  Office.  By  Edwin  A. 
Hill.  J.  Am.  Chem.  Soc,  XXII.  No.  8;  also  Chem.  News,  Vol. 
84,  202,  et  seq.      Oct. -Nov.,  1901. 

.4  Bibliography  of  Photography,  by  Miss  Adelaide  M.  Chase,  was 
begun  in  the  February  number  of  the  Photo  Era,  published  at 
Boston.  It  is  confined  to  literature  in  English  and  does  not 
include  articles  in  photographic  and  chemical  journals. 

NOTES     OF     FOREIGN     BIBLIOGRAPHIES. 

Krupsky,  A.  K.  Russkaya  chast  Khimicheskoy  Bibliographii. 
S.  Peterburg.      1900.      62  pp.  4to. 

This  is  a  reprint  by  the  Imperial  Academy  of  Sciences,  St. 
Petersburg,  of  the  Russian  titles  in  Bolton's  Select  Bibliography 
of  Chemistry.      (Vols.   1-3.) 

W.  R.  Whitney  and  J.  E.  Ober.  Index  to  the  Literature  of  Col- 
loids.    J.  Am.  Chem.  Soc,  Vol.  XXIII,  pp.  842.      (Nov.,  1901.) 

Glinzer,     Langfurth     und     Voigtlander.  Sammelkatalog     der     in 

Hamburger    offentlichen    Bibliotheken  vorhandenen    Litteratur 

aus   der  Chemie  und   aus   verwandten  Wissenschaften.       Ham- 
burg,  1901.      108  pp.      8vo. 

Garcon  Jules.  Repertoire  general  ou  Dictionnaire  methodique 
de  bibliographic  des  industries  tinctoriales  et  des  industries 
annexes.  Paris,  1 900-1901.  3  vols.,  roy.  8vo.  1978  pages  in 
the  3   volumes. 

This  completes  the  work  noticed  in  the  Eighteenth  Annual  Re- 
port. 
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WORKS     IN     PROGRESS. 

The  MS.  of  an  "  Index  to  the  Literature  of  Thorium,"  by  Cavalier 
H.  Joiiet,  Ph.  D.,  of  Columbia  University,  New  York,  has  been 
examined  by  each  member  of  your  committee,  and  recommended 
for  publication  to  the  Smithsonian  Institution.  It  is  now  being 
prepared  for  printing. 

Mr.  Benton  Dales,  of  Cornell  University,  has  in  preparation 
"An  Index  to  the  Literature  of  the  Yttrium  Group  of  the  Rare 
Earths." 

Reports  of  progress  have  been  received  from  Messrs.  Frank  R. 
Fraprie  and  H.  Carrington  Bolton. 

It  is  the  sad  duty  of  the  committee  to  record  the  death  of  one 
of  its  original  members,  Professor  Albert  R.  Leeds,  Ph.D.,  long 
Professor  of  Chemistry  in  the  Stevens  Institute  of  Technology, 
Hoboken,  N.  J.  His  contributions  to  chemical  bibliography  in- 
clude "  Indexes  to  the  Literature  of  Ozone,"  and  of  "  Peroxid  of 
Hydrogen." 

It  is  gratifying  to  note  the  increasing  and  continued  interest  in 
bibliography  on  all  sides,  and  the  committee  stands  ready  to 
encourage  the  movement  in  chemistry  by  practical  assistance  to 
those  desirous  of  contributing  to  the  now  considerable  list  of  in- 
dexes. Address  correspondence  to  the  Chairman,  at  the  Cosmos 
Club,  Washington,  D.  C. 

H.   Carrington   Bolton  (in  Europe), 
F.  W.  Clarke, 
A.   B.    Prescott, 
Alfred  Tuckerman, 
H.   W.   Wiley, 

Committee. 

APPENDIX. 

Bibliographies   Named  in   Reports   I-XX,   1883-1902. 

The  following  list  includes  only  those  bibliographies  that  have 
been  published  under  the  auspices  of  the  committee,  or  independ- 
ently, as  monographs  and  separates. 

Copies  may  be  obtained,  so  far  as  available,  on  application  to 
the  Society  or  Institution  issuing  them,  or  in  some  cases  by  ad- 
dressing the  authors. 

Aceto-Acetic  Ester,  Bibliography  of.  By  Paul  H.  Seymour. 
Smithsonian  Miscellaneous  Collections,  No.  970. 
Washington,  1894.      8vo. 
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Carbides,  Review  and  Bibliography  of  the  Metallic.  By  J.  A. 
Mathews.  Smithsonian  Miscellaneous  Collections, 
No.  1090.  City  of  Washington,  1898.  pp.  32. 
8vo. 

Cerium  and  Lanthanum ,  Indexes  to  the  Literature  of.  By  W.  H. 
Magee.  Smithsonian  Miscellaneous  Collections,  No. 
971.      Washington,   1895.      pp.  43.  8vo. 

Chemistry,  A  Select  Bibliography  of,  1492-1892.  By  Henry 
Carrington  Bolton.  Smithsonian  Miscellaneous  Col- 
lections, No.  850.  Washington,  1893.  pp.  1212. 
8vo. 
First  Supplement,  S.  M.  C,  No.  11 70,  1899. 
Section  VIII,  Academic  Dissertations,  S.  M  C,  No. 
1253.      1901. 

Columbium,  Index  to  the  Literature  of,  1801-1887.  By  Frank  W. 
Traphagen.  Smithsonian  Miscellaneous  Collections, 
No.  663.      Washington,  18S8.       pp.  iv  +  27.      8vo. 

Didymium ,  Index  to  the  Literature  of,  1S42-1893.  By  A.  C. 
Langmuir.  Smithsonian  Miscellaneous  Collections, 
No.  972.      Washington,  1895.      pp.  20.      8vo. 

Explosives,    Index   to   the   Literature   of,    Part    I.      By   Charles   E. 
Munroe,  Baltimore,   1886.      pp.  42.    8vo. 
Part  II,  Baltimore,  1893.      pp.  43-195.  8vo. 

Electrolysis,  Index  to  the  Literature  of,  1  784-1880.  By  W.  Walter 
Webb.  Annals  of  New  York  Academy  of  Sciences, 
Vol.  11,  No.   10,  18S2.      pp.  44.  8vo. 

N.   B.      This  has  been  translated  into   French  by 
Donato  Tommasi,   Paris,    1889. 

Heat,    Dictionary    of   the    Action    of    Heat    upon    certain    Metallic 

Salts,  including  an  Index  to  the  principal  literature 

■upon  the  Subject.      Compiled  and  arranged  byJ.W. 

Baird;  contributed   by   A.    B.    Prescott,    New   York, 

1884.      pp.  70.  Svo. 

Light,  Chemical  Influence  of,  A  Bibliography  of.  Alfred  Tucker- 
man.  Smithsonian  Miscellaneous  Collections,  No. 
785.      Washington,  1891.      pp.  22.  Svo. 

Manganese,  Index  to  the  Literature  of,  1596-1874.  By  H.  Car- 
rington Bolton.  Annals  of  the  Lyceum  of  Natural 
History, .New  York.  Vol.  xi,  November,  1875.  pp. 
44.  8vo. 
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Manganese,  Analytical  Chemistry  of,  A  Bibliography  of  the.  By 
Henry  P.  Talbot  and  John  W.  Brown.  Smithson- 
ian Miscellaneous  Collections,  No.  1313.  City  of 
Washington,   1902.      pp.,  8vo. 

Morphine.  Chemical  Bibliography  of,  1875-1897.  By  H.  Brown. 
Pharmaceutical  Archives.  Vol.  1,  No.  3.  No  date, 
no  place,      pp.  60.  Svo. 

Ozone,  Index  to  the  Literature  of,  1 785-1879.  By  Albert  R. 
Leeds.  Annals  of  the  New  York  Academy  of 
Sciences.      Vol.   1,  No.   12,  1880.      pp.  32.    Svo. 

Ozone,  Index  to  the  Literature  of,  1879-1883.  Accompanied  by  an 
Historical  Critical  Resume  of  the  Progress  of  Dis- 
covery since  1879.  By  Albert  R.  Leeds.  Annals 
N.  Y.  Academy  of  Sciences.  Vol.  in,  pp.  137.  1884. 
pp.    16.     Svo. 

Peroxid  of  Hydrogen,  Index  to  the  Literature  of,  1818-1878.  By 
Albert  R.  Leeds.  Annals  of  the  New  York  Academy 
of  Sciences.      Vol.  1,  No.  13,  1880.      pp.  11.  Svo. 

Peroxid  of  Hydrogen,  Index  to  the  Literature  of,  1879-1883.  By 
Albert  R.  Leeds.  Annals  of  New  York  Academy  of 
Sciences.      Vol.  in,    pp.  153,  1884.      pp.  3.  Svo. 

Platinum  Group,  A  Bibliography  of  the  Metals  of  the.  Platinum, 
Palladium,  Iridium,  Rhodium,  Osmium,  Ruthenium, 
174S-1896.  By  James  Lewis  Howe.  Smithsonian 
Miscellaneous  Collections,  No.  1084.  City  of  Wash- 
ington, 1897.      pp.  318.  8vo. 

Spectroscope,  Index  to  the  Literature  of.  By  Alfred  Tuckerman. 
Smithsonian  Miscellaneous  Collections,  No.  658. 
Washington,  1888.  pp.  x  -4-  423.  8vo. 
The  same,  1887-1900,  both  dates  inclusive.  S.  M.  C, 
No.  1312.-  Washington  City,  1902.  pp.  iii  -4-  373. 
Svo. 

Starch-sugar,  Bibliography  of.  By  Edward  J.  Hallock.  Ap- 
pendix E  to  Report  on  Glucose  prepared  by  the 
National  Academy  of  Sciences,  in  response  to  a  re- 
quest made  by  the  Commissioner  of  Internal  Revenue, 
l'.  S.  Internal  Revenue,  Washington,  D.  C.  1S84. 
•pp.  44.  8vo. 

Tannins,  Index  to  the  Literature  of.  By  Henry  Trimble.  The 
Tannins.  Philadelphia,  1892.  Vol.  i,  Appendix. 
Vol.  11,  Philadelphia,  1894. 
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Thallium,  Index  to  the  Literature  of.  By  Martha  Doan.  Smith- 
sonian Miscellaneous  Collections,  Vol.  xli,  No.  1171. 
Washington,   1899.      pp.  26. 

Thermodynamics,  Index  to  the  Literature  of.  By  Alfred  Tucker- 
man.  Smithsonian  Miscellaneous  Collections,  No. 
741.      Washington,    1890.      pp.    vi    -\-    329.    8vo. 

Thorium,  Index  to  the  Literature  of.  By  Cavalier  H.  Jouet. 
Smithsonian  Miscellaneous  Collections,  No.  — .  [In 
press.] 

Titanium,  Index  to  the  Literature  of,  1 783-1876.  By  Edw.  J. 
Hallock.  Annals  of  the  New  York  Academy  of 
Sciences.      Vol.   1,  Nos.  2  and  3,  1877.      pp.  22.  8vo. 

Uranium,  an  Index  to  the  Literature  of,  1 789-1885.  By  H.  Car- 
rington  Bolton.  Smithsonian  Report  for  1885. 
Washington,  1885.      pp.  36.    Svo. 

Vanadium,  Index  to  the  Literature  of.  By  G.  Jewett  Rockwell. 
Annals  of  the  New  York  Academy  of  Sciences,  Vol. 
1,  No.   5,   1877.      pp.  32.     Svo. 

Zirconium,  Index  to  the  Literature  of.  By  A.  C.  Langmuir  and 
Charles  Baskerville.  Smithsonian  Miscellaneous  Col- 
lections, No.  1 1 73.  City  of  Washington,  1899.  29 
pp.      Svo. 

Report  of  the  Committee  ox  the  Teaching  of    Anthropology 
in    America. 

To  the  Council  of  the  American  Association  for  the  Advancement  of 
Science. 

The  Committee  on  the  Teaching  of  Anthropology  in  America 
beg  to  report  a  continuation  of  correspondence  and  conferences  in 
the  interests  of  Anthropological  teaching.  Some  of  the  results 
of  the  correspondence  are  incorporated  in  a  paper  by  one  of  the 
Committee  (Dr.  MacCurdy)  entitled  "The  Teaching  of  Anthro- 
pology in  the  United  States,"  published  in  Science,  January,  1902. 
During  the  year  a  course  of  lectures  was  delivered  by  one  of  the 
Committee  (the  Chairman)  in  the  Free  Museum  attached  to  the 
University  of  Pennsylvania,  ptirsuant  to  the  purposes  of  the  Com- 
mittee. 

The  expenses  of  the  Committee  have  been  inconsiderable  and 
no  appropriation  was  asked.  It  is  recommended  that  the  Com- 
mittee be  continued. 

W  J    McGee, 

Franz   Boas, 

W.    II.    Holmes. 
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Report  of  the   Committee  on   Anthropometry. 

Anthropometric  researches  tinder  the  auspices  of  this  Com- 
mittee have  been  continued  during  the  year.  Professors  Cattell 
and  Boas,  members  of  the  Committee,  and  Professors  Thorndike 
and  Farrand,  Fellows  of  the  Association,  have  during  the  year  made 
measurements  of  students  entering  and  graduating  from  Columbia 
College,  and  have  made  other  studies  on  individual  differences. 
Professor  Thorndike  has  investigated  especially  the  correlation 
of  traits  in  school  children.  Mr.  Farrington  has  studied  the  ques- 
tion as  to  whether  brothers  who  have  attended  Columbia  Univer- 
sity are  more  alike  than  those  who  are  not  brothers.  Mr.  Bair 
and  Dr.  Wissler  are  calculating  the  results  of  measurements  of 
school  children  made  by  Professor  Boas.  Professor  Cattell  is  col- 
lecting data  on  individual  differences,  in  which  1,000  students  of 
Columbia  University,  1,000  of  the  most  eminent  men  in  history 
and  1,000  scientific  men  of  the  United  States  are  being  considered. 

Progress  has  been  made  with  the  construction  of  a  traveling  set 
of  anthropometric  instruments,  toward  which  an  appropriation  of 
S50  was  made  at  the  Denver  meeting  of  the  Association.  It  is 
believed  that  the  model  of  a  portable  set  of  instruments  would  be 
of  value  for  work  in  schools,  for  the  study  of  primitive  races,  etc. 
The  present  set  is  the  property  of  the  Association  and  is  to  be 
used  in  the  first  instance  in  making  physical  and  mental  measure- 
ments of  members.  Such  measurements  were  begun  at  the  New 
York  meeting,  but  they  cannot  be  continued  until  a  portable  set 
of  instruments  is  available  and  arrangements  are  made  for  assist- 
ance in  carrying  out  the  measurements.  The  instruments  will  be 
ready  at  the  time  of  the  Washington  meeting,  and  an  assistant 
could  probably  be  secured  to  take  the  measurements  if  his  travel- 
ing expenses  were  paid.  We  should  be  pleased  if  an  appropria- 
tion to  this  Committee  of  $25  or  S50  could  be  made  for  this  pur- 
pose. An  appropriation  was  made  for  a  series  of  years  by  the 
British  Association  for  its  anthropometric  laboratory.  Our  own 
measurements  are  more  extended  than  those  of  the  British  Asso- 
ciation, especially  in  the  direction  of  mental  traits;  but  it  would 
be  interesting  to  compare  the  measurements  of  the  members  of  the 
British  Association  with  similar  measurements  of  American  men 
of  science 

J.   McK.   Cattell, 
W  J   McGee, 
Franz   Boas. 
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Report  of  tiik   Committee  on  the  Study   of   Blind   Inverte- 
brates. 

To  the  Council  of  the  American  Association  for  the  Advancement  of 

Science. 
Gentlemen: 

In  behalf  of  your  Committee  on  the  Investigation  of  cave  ani- 
mals, I  beg  leave  to  report  that  the  following  publications  have 
recently  been  issued,  or  will  appear  before  the  Washington  meet- 
ing in  January: 

1.  An  account  of  the  anthropods  of  the  caves  of  Texas,  by  Carl 
Jost  Ulrich,  Proc.  Am.  Micr.  Society. 

2.  An  account  of  the  history  of  the  eye  of  amblyopsis  from  its 
appearance  to  death  of  the  individual  by  old  age. 

3.  The  eyes  of  Rhineura,  Proc.  Washington  Acad.  Sci. 

During  March  of  the  present  year,  the  writer,  accompanied  by 
Mr.  Oscar  Riddle  as  assistant  and  interpreter,  visited  the  blind 
fish  caves  of  western  Cuba.  A  general  account  of  the  trip  was 
presented  before  Section  F.  The  Crustacea  collected  will  be  de- 
scribed by  Mr.  W.  P.  Hay.  The  eyes  of  the  blind  crustaceans  and 
the  eyes  of  the  blind  fishes,  blind  lizards,  and  blind  snakes  col- 
lected will    be    described  by  my  students  and  myself. 

The  expenses  of  the  Cuban  trip,  amounting  to  about  $400,  have 
been  met  in  part  by  an  unexpended  balance  of  about  $80  from  the 
$150  heretofore  granted  by  the  A.  A.  A.  S.,  a  promise  of  $85  for  a 
report  on  the  fishes  by  the  U.  S.  Fish  Commission,  and  from  the 
sale  of  specimens.  In  behalf  of  the  Committee  I  respectfully  re- 
quest that  the  Committee  be  continued  and  that  a  grant  of  Si 00 
be  made  to  continue  the  work. 

In  the  absence  of  the  other  members  of  the  Committee  respect- 
fully submitted  by 

Carl   H.    Eigenmann, 

Secretary 

Report    of    the   Committee   on   the   Relations   of   Plants  to 

Climate. 

To  the  Members  of  the  Council. 
Gentlemen : 

The  efforts  of  the  Committee  have  been  directed  to  the  develop- 
ment of  methods  which  would  secure  continuous  records  of  the 
temperature  of  the  soil,  and  which  would  make  possible  an  analysis 
of  the  comparative  influence  of  the  widely  different  soil  and  air 
temperatures  upon  the  general  development,  physiology  and  dis- 
tribution of  plants.  The  Committee  has  been  so  fortunate  as  to 
secure   the   co-operation   and  interest   of   Professor   Wm.    Hallock, 
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of  Columbia  University,  and  a  thermograph  designed  by  him  lias 
been  constructed  and  installed  for  taking  continuous  records  of 
soil  temperatures.  (For  description,  see  Journal  New  York  Botani- 
cal Garden,  July.  1902.)  With  the  invention  of  this  instrument,  the 
Committee  now  finds  itself  in  a  position  to  study  some  of  the  main 
problems  confronting  it  with  much  promise  of  success  in  the 
way  of  valuable  results,  and  asks  a  further  grant  of  sixty-five  dollars 
to  enable  it  to  construct  and  maintain  two  additional  instruments, 
and  to  make  other  necessary  records  and  experiments.  In  the 
absence  of  the  other  members  of  the  Committee,  Messrs.  Trelease 
and  Coulter,  this  report  is  submitted  with  their  general  approval 
and  with  the  unanimous  approval  of  Section  G. 

Respectfully, 

D.   T.    MacDougal. 

Report   of   the    Committee   on   the   Atomic    Weight   of 

Thorium. 

At  the  Denver  meeting  the  sum  of  fifty  dollars  was  granted  to 
Charles  Baskerville  for  researches  on  the  Atomic  Weight  of  Thorium. 
Mr.  Baskerville,  in  working  in  conjunction  with  an  assistant,  Mr. 
R.  O.  E.  Davis,  has  prepared  two  kilograms  of  very  pure  Thorium 
compound.  Preliminary  work  on  some  of  the  old  methods  and 
a  new  method  for  the  determination  of  the  Atomic  Weight  of  that 
element  has  been  done,  but  sufficient  results  have  not  been  ac- 
cumulated to  warrant  publication.  The  Committee  therefore 
desires  to  report  progress,  and  respectfully  request  a  continuation 
of  the  grant  by  the  sum  of  fifty  dollars  for  the  current  year.  The 
grant  was  utilized  for  the  purchase  of  a  novel  constant  high  tem- 
perature bath. 

Respectfully  submitted, 

Charles  Baskerville.  (  hairtnan, 
F.    P.    Venable, 
Jas.    Lewis    Howe. 

The  following  grants  were  made  for  the  ensuing  year: 
To  the    committee    on    anthropometric    measure- 
ments   ---.-.--        $50.00 
To  the  committee  on   the  investigation    of    blind 

invertebrates  -         -         -         -         -       -  •       7S-°o 

To  the  committeemen  the  atomic  weight  of  thorium       50.00 
To   the  committee   on  the   relations   of   plants   to 

climate  ---.__.  --.  00 
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By  the  action  of  the  Council  on  July  3,  1002,  a  new  Committee, 
consisting  of  W.  S.  Franklin.  D.  B.  Brace  and  E.  F.  Nichols,  was 
appointed  to  which  was  entrusted  investigations  of  the  velocity  of 
light,  and  a  grant  of  $75.00  was  made  to  this  Committee. 

At  the  sessions  of  the  Council,  held  July  2  and  3,  eighty  mem- 
bers were  elected  Fellows. 

As  a  result  of  action  taken  by  the  Council,  Section  D  and  the 
General  Session  on  July  3,  1902,  Mr.  George  Westinghouse  was 
elected  an  Honorary  Fellow  of  the  Association. 

The  chief  feature  of  the  closing  session  of  the  Association  in  the 
Music  Hall  of  the  Carnegie  Institute  on  Thursday  evening,  July  3, 
was  an  illustrated  lecture  by  Mr.  Robert  T.  Hill  on  the  recent 
volcanic  eruption  in  Martinique,  in  which  his  recent  investigations 
were  described.  After  the  lecture  a  series  of  resolutions  were 
passed  expressing. the  thanks  of  the  Association  to  the  various  per- 
sons and  organizations  in  Pittsburg  concerned  in  the  organization 
of  the  meetings  and  entertainment  of  the  members. 

D.T.  MacDougal, 
General  Secretary,  A.  A.  A.  S. 

Report   of  the   Treasurer. 

In  compliance  with  Article  1  5  of  the  Constitution,  and  by  direc- 
tion of  the  Council,  I  have  the  honor  to  submit  the  following  re- 
port, showing  receipts,  disbursements,  and  disposition  of  funds 
of  the  Association  for  the  year  ending  December  31,  1901. 

Receipts  have  come  into  the  keeping  of  the  Treasurer  from 
three  sources,  namely:  First,  from  commutations  of  annual  fees 
of  life  members  of  the  Association;  secondly,  from  excess  of  re- 
ceipts over  expenditures  of  the  Permanent  Secretary;  and,  thirdly, 
from  interests  on  funds  deposited  in  savings  banks.  The  aggregate 
of  these  receipts  is  $2,397.89. 

Disbursements  made  in  accordance  with  the  direction  of  the 
Council  amount  to  S460.00. 

The  total  amount  of  funds  of  the  Association  deposited  in  banks 
and  subject  to  the  order  of  the  Treasurer,  December  31,  1901,  is 
$12,127.07. 

The  details  of  receipts,  disbursements,  and  disposition  of  funds 
are  shown  in  the  following  itemized  statement. 

Dated  June  1,  1902. 
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The    Treasurer    in    Account    With    the    American    Associa- 
tion  for  the  Advancement  of   Science. 


1901.  Dr. 

To    balance    from    last    account 
Dec. 7.        To  amount  transferred  from  funds  of  Per- 
manent Secretary         - 
Dec.   14.  To  amount  received  for  21  life  memberships 
Dec.  31.   To  amount  received  as  interest  on   funds   de- 
posited in  Savings  Bank  as  follows: 
From  Cambridge  Savings  Bank,  Cam- 
bridge, Mass.       -  -  $36.96 
From     Emigrant     Industrial    Savings 

Bank,  New  York,  N.  Y.     -  -  102.08 

From  Institution  for    the  Savings  of 

Merchants'  Clerks,  New  York,  N.  Y.      99  50 
From  Metropolitan  Savings  Bank,  New 

York,  N.  Y.  -  -  -  -      109.35 


S  10.189.  *& 

1 ,000.00 
1 ,1 50.00 


347-89 


Total 


r  2 , 5  8  7  •  o  7 
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The     Treasurer     in     Account    with     the    American    Associa- 
tion   for  the  Advancement  of  Science. 

1901.  Cr. 

Apr.  30.      By    amount    paid    to    Permanent    Secretary 
from  contribution  of  Mrs.   Phoebe  Thorne 
to  New  York  Committee  ...        $200.00 

Aug.  29.      By  cash  paid  D.  T.  MacDougal  of  committee 

on  study  of  relations  of  plants  to  climate  60.00 

Aug.  29.      By  cash  paid  Jas.  McK.Cattell  of  committee 

on  anthropometric  investigations        -  -  50.00 

Oct.  4.  By  cash  paid  Charles  B.  Davenport  of  com- 

mittee on  the  study  of  biological  variations  100.00 

Nov.    11.     By  cash  paid    Charles   Baskerville  of  com- 
mittee on  the  study  of  the  atomic  weight 
of  thorium      ------  50.00 

Nov.   31.      By  cash  on  deposit  in  banks  as  follows: 
In  Cambridge  Savings  Bank,  Cam- 
bridge, Mass.    -  -  -  $1,084.32 
In   Immigrant   Industrial    Savings 

Bank,  New  York,  N.  Y.    -  -   2,882.93 

In  Institution  for  the  Savings  of 
Merchants'  Clerks,  New  York, 
N.  Y.    -  -    '      -  -  2,918.47 

In     Metropolitan    Savings    Bank, 

New  York,  N.  Y.     -  -  -  2,999.15 

In  The  Fifth  Avenue  Bank,  New 

York,  N.  Y.        -  -  -  2,242.20 

12,127.07 


Total         .  .  .  .  .  -  $12,587.07 

I   have   examined  the  foregoing  account  and  certify  that  it  is 
correctly  cast  and  properly  vouched. 

Emory   McClintock, 
June    23,  1902.  Auditor. 
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Report  of  the  Permanent  Secretary. 

The  fifty-second  annual  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  now  drawing  to  its  close,  will  be 
known  as  the  first  Pittsburg  meeting.  In  many  respects  it  has 
been  one  of  the  most  successful  meetings  which  the  Association 
has  ever  held.  The  attendance,  while  not  very  large,  has  been 
composed  of  members  of  the  active  working  class,  many  of  them 
being  Fellows,  and  the  meeting  may  be  safely  characterized  as  a 
working  meeting.  The  registration  has  shown  four  hundred  and 
thirty-five  members  in  attendance.  This  ranks  the  Pittsburg 
meeting  as  the  twelfth  in  size  of  the  fifty-two  meetings  which  have 
been  held.  It  is  the  fourth  in  size  of  the  meetings  held  during  the 
past  ten  years.  The  geographic  distribution  of  members  in  at- 
tendance is  especially  interesting,  and  those  who  have  had  the 
interest  or  curiosity  to  follow  this  matter  of  geographic  distribu- 
tion during  recent  years  will  notice  that  this  year  there  is  a  larger 
attendance  from  the  South  than  in  any  previous  year.  The  ex- 
act representation  by  States  has  been  as  follows:  Pennsylvania 
naturally  heads  the  list  with  178;  New  York,  59;  Ohio,  49;  Dis- 
trict of  Columbia,  45;  Massachusetts,  23;  Illinois,  21;  Michigan, 
10;  Indiana,  10;  New  Jersey  and  Maryland,  8  each;  Missouri, 
Minnesota,  Kansas,  New  Hampshire,  North  Carolina,  and  West 
Virginia,  6  each;  Texas  and  Nebraska,  5  each;  Arkansas  and  Con- 
necticut, 4  each;  Alabama,  Delaware,  Virginia,  California,  Ken- 
tucky and  Canada,  3  each;  Montana,  2;  South  Carolina,  Georgia, 
Louisiana,  South  Dakota,  North  Dakota,  Mississippi,  Iowa,  Col- 
orado, and  Maine,  1  each. 

It  must  be  remembered  as  ustial  that  the  number  registered, 
namely,  435,  includes  only  the  active  members  and  associates  of 
the  Association,  and  that  as  a  matter  of  fact  there  are  always  a 
few  members  in  attendance  who  are  so  characteristically  forget- 
ful of  all  things  except  scientific  matters  that  they  entirely  fail  to 
register.  The  mimber  registered  is  only  an  indication  of  the  size 
of  the  meeting.  For  example,  eleven  affiliated  societies  of  a 
national  scope  have  met  with  us  and  have  swelled  the  gathering  of 
scientific  men  in  Pittsburg  during  the  past  week  to  approximately 
750  individuals.  The  meeting  has,  therefore,  been  a  scientific 
congress  of  great  importance. 

The  papers  which  have  been  read  before  the  Association  proper 
and  in  joint  session  with  the  more  closely  affiliated  societies  have 
been  numerous  and  of  a  high  order.  About  three  hundred  and 
sixty  papers  have  been  thus  presented,  which  is  a  great  increase 
over  the  number  read  at  the  last  meeting  of  the  Association. 

A  number  of  important  measures  concerning  the  future  of  the 
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Association  have  been  considered  and  amendments  to  the  consti- 
tution have  been  adopted  rendering  the  council  more  permanent 
n  its  membership  and  thus  probably  more  efficient  in  its  work, 
and  also  making  the  sectional  committees  so  constituted  as  to 
render  their  greater  efficiency  a  matter  of  practical  certainty 
About  sixty  new  members  have  been  elected  during  the  meeting 
and  about  eighty  members  have  been  made  fellows. 

Pittsburg  and  its  vicinity  have  provided  visiting  points  of  great 
scientific  interest,  and  the  fact  just  stated,  together  with  the  great 
courtesy  and  hospitality  of  the  local  committee  and  the  citizens 
of  Pittsburg,  have  combined  to  make  the  meeting  now  coming  to 
a  close  a  memorable  one  in  the  annals  of  the  Association. 

The  following  is  a  comparative  statement  of  the  roll  as  printed 
in  the  New  York  and  Denver  volumes  and  in  the  present  volume. 


New  York. 

Denver. 

Pitt  si 

Surviving  founders 

3 

3 

3 

Living  patrons 

2 

2 

2i 

Living  honorary  fellows 

2 

2 

3 

Fellows 

862 

1.054 

1,074 

Members    - 

-    1,052 

1,904 

2,392 

Totals  -  1,921  2.9°5         3-474 

Honorary    life    fellows   (founders) 

included  in   the   above  -  j  3  3 

L.  O.  Howard, 
Permanent  Secretary. 
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L.  O.  HOWARD,  PERMANENT  SECRETARY,  IN 
TION  FOR  THE  ADVANCE- 


From    January    i,    1901,    to 


Dr. 
To  balance  from  last  account, 
Admission  fees  for  1900, 
Admission  fees  for  1 90 1,    - 
Annual  dues  for  1902,  - 
Annual  dues  for  1 90 1 , 
Annual  dues  for  previous  years, 
Associate  fees,  ... 

Fellowship  fees,    - 
Life  membership  fees, 

Publications,  ... 

Binding,       - 
Interest,  - 

Miscellaneous  receipts, 


^15. 00 

5,765.00 

5,034.00 

7,874.00 

774.00 

123.00 

398.00 

1 ,050.00 

68.29 

23.66 

38.20 

210.44 


54,741.46 


21,033.00 


d4°-59 


!26, 115.05 
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December  31,    iqoi 
By  publications. 


Cr. 


I  0  publishers  of  Science, 

$5,195.00 

Vol.5o,      - 

I.3S3-07 

$6,548.07 

By  expenses  Denver  meeting. 

To  Secretaries  of  Sections 

232.66 

Denver  pamphlet, 

326.25 

General  expenses, 

180.25 

739i6 

By  expenses  in  propagandist  work. 

To  local  committees, 

463.33 

Postage,       - 

700.00 

Printing,     - 

3I5-97 

Extra  clerical  help, 

183.60 

Express,   ----- 

150.00 

Telegrams,           - 

7.00 

1,819.90 

By  general  office  expenses. 

Express,             - 

301.60 

Postage,        ----. 

1S3.00 

Office  supplies,  typewriter,  etc.. 

139-5" 

Telegrams,             - 

10.98 

63509 

By  salaries. 

Permanent  Secretary, 
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REPORT  ON  THE.  THEORY  OF  COLLI  NIDATIONS. 


BY  HENRY  B.  NEWSON. 

[Read  before  Section  A  of  the  A.  A.  A.  S.,  Pittsburg  Meeting, 
July  2,  1902.  Manuscript  received  too  late  to  be  inserted  in  the 
proceedings  of  Section  A.J 

$   1.  Introduction. 

There  has  grown  up  in  recent  years  in  Section  A  the  happy 
custom  of  requiring  each  year  of  some  worker  in  some  fertile 
field  of  mathematical  research  that  he  report  to  this  gather- 
ing on  the  harvests  of  the  past  year,  on  the  conditions  of  the 
present  crops,  on  the  prospects  of  the  future,  on  the  rainfall, 
the  sunshine,  the  floods,  on  the  drouths — in  short  on  all  things 
affecting  mathematical  prosperity  within  the  confines  of  his 
happy  valley.  We  can  all  recall  with  pleasure  several  such 
stimulating  reports  in  the  years  just  passed,  and  we  look  for- 
ward to  many  such  reports  to  be  presented  in  the  future.  To- 
day I  bring  my  contribution,  such  as  it  is,  and  beg  your  in- 
dulgence while  I  endeavor^to  report  the  experiences  of  a  day 
laborer  in  the  fields  where  we  cultivate  the  theory  of  collinea- 
tions. 

Your  committee  first  suggested  a  report  on  Lie's  theory  of 
-continuous  groups,  but  after  careful  consideration  I  declined 
the  larger  task  and  offered  instead  to  treat  the  narrower 
theme  of  collineations  and  their  groups.  One  reason  for 
declining  the  larger  task  was  the  certain  knowledge  of  my 
own  inability  to  do  justice  to  so  large  a  field;  a  second  reason 
is  the  well-known  fact  that  the  Deutscher  Mathematikcr- 
Vereinigung,  through  a  committee  composed  of  some  of  Lie's 
most  favored  pupils,  is  preparing  a  comprehensive  report  on 
Lie's  work  which  will  be  more  thorough,  more  accurate,  and 
more  appreciative  than  any  I  could  hope  to  prepare. 

I  shall  confine  mvself,  therefore,  to  the  theorv  of  collinea- 
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tions  and  their  continuous  (or  Lie)  groups.  The  group  of 
projective  transformations,  or  collineations,  is  by  far  the  most 
important  of  the  continuous  groups  discovered  by  Lie  and  de- 
veloped bv  him  in  his  "  Theorie  der  Trausjonuatioiisgritppen."' 
This  group  lies  at  the  very  heart  and  core  of  his  theory  for  the 
reason  that  all  other  continuous  groups  can,  by  a  suitable 
transformation  of  variables,  be  shown  to  be  similar  in  struc- 
ture to  some  projective  group.  Therefore  every  contribu- 
tion to  our  knowledge  of  collineations  and  their  groups  reacts 
upon  the  wider  theory  of  all  continuous  groups.  Hence  there 
is  ample  justification  for  confining  this  sketch  to  the  narrower 
theme  of  collineations  and  their  groups,  in  so  much  as  the 
wider  is  included  in  the  narrower — a  pleasing  paradox. 

>?   2.  Definitions  and  Methods. 

We  shall  deal  throughout  with  the  idea  of  a  transformation 
entirely  from  the  geometric  point  of  view,  and  shall  be  but 
little  concerned  with  the  purely  analytic  point  of  view  which 
is  more  often  adopted.  A  transformation  of  the  elements  of 
a  space  is  defined  as  an  operation  which  interchanges  among 
themselves  the  elements  of  a  space,  but  leaves  the  space, 
considered  as  the  aggregate  of  all  its  elements,  unchanged 
as  a  whole.  We  are  usually  not  concerned  with  the  machinery 
of  a  transformation,  but  only  with  its  effect.  The  operation 
may  be  produced  by  means  of  a  mechanical  device,  an  analy- 
tical formula,  a  geometrical  construction,  or  in  any  other  way- 
Sometimes  there  are  several  different  methods  of  producing 
one  and  the  same  transformation;  but  the  effect  is  the  same 
no  matter  by  what  method  produced. 

We  usually  consider  the  point  as  the  simplest  space  ele- 
ment; but  our  space  may  be  considered  as  made  up  of  other 
geometric  elements,  as  for  example,  lines,  planes,  spheres, 
etc.  A  plane  contains  00  *  points,  <*>*  lines,  00  lineal  elements, 
jo  circles,  oofi  conies.  The  dimensions  of  a  space  depend 
upon  the  number  of  elements  of  a  chosen  kind  which  make 
up  the  space.  Thus  a  plane  is  a  space  of  two  dimensions  when 
it  is  considered  as  made  up  of  points  or  lines;  of  three  dimen- 
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-sions  when  the  elements  are  lineal  elements  or  circles;  of  five 
dimensions  when  the  elements  are  conies. 

A  transformation  of  space  which  transforms  points  into 
points  is  called  a  point  transformation;  this  is  the  most  com- 
mon kind.  If  lines  are  transformed  into  lines,  it  is  called 
a  line  transformation.  When  lineal  elements  of  a  plane  are 
transformed  into  lineal  elements,  we  have  what  is  called  a 
-contact  transformation  of  the  plane.  A  collineation  is  de- 
fined as  one  that  transforms  points  into  points,  lines  into  lines, 
and  planes  into  planes.  It  is,  therefore,  a  self-dualistic  trans- 
formation. 

A  collineation  may  be  regarded  from  two  distinct  points  of 
view,  viz.,  the  analytic  and  the  synthetic.  From  the  syn- 
thetic point  of  view  the  phenomena  of  a  transformation  ap- 
peal directly  to  the  eye  or  to  the  space  intuitions.  On  the 
•other  hand  from  the  analytic  point  of  view  the  operation  is 
seen  through  the  medium  of  a  linear  substitution  on  the  re- 
quisite number  of  variables.  The  two  methods  have  long 
been  in  use  side  by  side  and  each  has  its  special  advantages. 
Each  also  has  its  special  votaries,  and  each  will  continue  to 
have  its  advocates  as  long  as  human  minds  continue  to  be 
constructed  on  different  patterns.  To  me  the  synthetic 
method  is  the  more  attractive  for  the  reason  that  it  enables 
one  to  get  closer  to  the  facts  and  to  view  them  at  first  hand. 
In  all  applications  of  analysis  to  geometry  a  formula  is  only 
the  vehicle  which  conveys  the  thought,  not  the  thought  itself. 
The  inevitable  tendency  is  to  confuse  the  vehicle  with  the 
thought,  to  mistake  the  vessel  for  the  contents,  and  to  lay 
hold  on  the  shadow  rather  than  the  substance  of  the  thing 
sought. 

§   3.   Different  Methods. 

I  shall  now  pass  in  review  some  of  the  different  methods 
which  in  times  past  and  in  times  present  have  been  used  to 
add  to  our  knowledge  of  collineations  or  to  throw  light  upon 
their  theory. 

Des  Carte's  Analytical  Geometry.  The  analytic  theory  of 
•co'lineations  is  foreshadowed  in  the  cartesian  geometry.      The 
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usual  formula  for  the  transformation  of  co-ordinates  in  plane 
analytics,  viz., 

a  ",  =  ax  +  by  +  c 

r,  -  a'x  +  b'y  +  c',  (l> 

is  capable  of  a  double  interpretation;  first,  we  may  interpret 
this  operation  as  one  that  leaves  the  plane  and  all  of  its  ele- 
ments unchanged,  but  takes  for  new  axes  of  x  and  y  the  lines 
whose  equations  are  respectively  ax  +  by  +  c  =  o  and  a'x  +  b'y 
+  c'  =  o;  secondly,  we  may  regard  the  same  operation  as  one 
which  leaves  the  position  of  the  axes  of  coordinates  un- 
changed, but  which  shifts  the  points  and  lines  of  the  plane  so 
that  the  lines  ax  +  by  +  c  —  o  and  a'x  +  b'y  +  c'  =  o  are  brought 
into  the  positions  before  occupied  by  the  lines  xl  =  o  and 
yl  =  o,  respectively.  In  terms  of  the  second  interpretation 
our  operation  has  produced  a  collineation  of  the  plane — a 
special  collineation,  to  be  sure,  in  which  the  line  at  infinity 
has  not  changed  its  position.  This  second  method  of  inter- 
preting equations  (1)  is  not  so  old  as  the  first,  but  doubtless 
was  perceived  by  some  minds  very  early  in  the  history  of  the 
science. 

Mobius'  Barycentrische  Calcitl.  The  concept  and  term 
collineation*  were  introduced  into  geometry,  so  far  as  I  have 
been  able  to  ascertain,  by  Mobius  in  his  Barycentrische  Calcul 
published  at  Leipzig  in  1827.  Chapters  seven  and  eight  of 
this  classical  work  are  devoted  to  the  elucidation  of  the  idea 
and  the  development  of  the  properties  of  that  particular 
relationship  of  figures  known  as  a  collineation.  Mobius  seems 
to  have  reached  the  idea  of  a  collineation  in  its  most  "general 
form  as  the  result  of  a  generalization  from  the  simpler  notions 
of  equality,  similarity,  affinity  and  perspectivity  of  geomet- 
rical figures.  According  to  his  definition  of  a  collineation 
points  correspond  to  points  and  straight  lines  to  straight  lines, 
i.e.,  coll  near  points  to  collinear  points,  whence  the  name. 

We  owe  to  Mob  us  not  only  the  first  clear  cut  notion  of  a 
col  ineation  and  its  name,  but  also  the  fundamental  theorem 

♦Mobius  tells  us  in  his  Vorrede,p.  xii,  that  the  name  was  suggested 
to  him  by  his  friend,  Professor  Weiske. 
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underlying  all  his  work  on  this  subject,  viz.,  that  the  cross 
ratios  of  four  corresponding  elements  of  two  collinear  figures 
are  always  equal.  This,  it  seems  to  me,  must  be  reckoned 
as  the  most  important  contribution  of  Mobius  to  the  subject. 
He  also  gives  us  methods  for  constructing  collineations  on  a 
line  in  a  plane,  and  in  space.  He  shows  that  three  points 
on  a  line,  four  points  in  a  plane,  five  points  in  ordinary  space, 
in  general  n  —  2  points  in  a  space  of  n  dimensions,  determine  a 
collineation  in  these  spaces,  respectively.  He  points  out 
that  two  conies  in  a  plane  are  always  collinear  to  one  another 
in  oo:;  ways;  and  that  in  two  co'.linear  systems  of  points  a 
curve  of  the  ;?th  degree  corresponds  to  a  curve  of  the  same 
degree.  But  we  find  no  hint  anywhere  in  Mobius'  work  that 
there  are  any  self-corresponding  points,  lines,  or  planes  in  a 
collineation.  This  important  phase  of  the  subject  was  left 
for  other  investigators  in  this  field. 

Cayley  and  Sylvesters  Invariant  Theory.  With  the  intro- 
duction of  homogeneous  coordinates  into  analytic  geometry 
there  came  in  a  generalized  form  the  old  problems  connected 
with  the  transformation  of  coordinate  axes.  Such  a  trans- 
formation is  a  linear  transformation,  and  hence  the  theory  of 
linear  transformations  came  to  be  studied  as  a  subsection  of 
modern  analytic  geometry.  A  forward  step  in  the  theory  of 
collineations  was  taken  by  the  English  school  of  mathema- 
ticians who  founded  the  invariant  theory  of  linear  transforma- 
tions. This  theory  took  its  rise  shortly  after  1840,  and  the 
principal  names  associated  with  its  early  development  are 
those  of  Boole,  Cayley,  Sylvester,  Salmon.* 

A  linear  transformation  on  n  variables  is  a  purely  algebraic 
operation,  and  in  the  minds  of  many  mathematicians  the  in- 
variant theory  is  a  purely  algebraic  theory.  But  the  geo- 
metric interpretation  of  a  linear  transformation  on  n  variables 
is  a  collineation  in  space  of  (n  —  1)  dimensions.  Thus  the 
a1gebraic  invariant  theory  of  homogeneous  forms  pointed  the 
way  to  an  analytic  theory  of  collineations. 

Since  a  linear  transformation  is  a  projective  transformation, 
every  theorem  concerning  linear  transformations  has  its  bear- 
note  to  Salmon's  Algebra,  Chapter  XIII. 


584  APPENDIX. 

ing  on  the  theory  of  collineations.  The  workers  in  projective 
invariant  theory  who  considered  the  geometric  applications 
of  their  science  looked  more  to  the  effect  of  a  linear  transforma- 
tion on  a  geometric  figure  than  to  the  properties  of  the  trans- 
formation itself.  Thus  we  look  in  vain  through  the  standard 
works  on  invariant  theory  for  a  classification  of  linear  trans- 
formations or  a  discussion  of  their  characteristic  properties. 
It  was  left  to  later  times  and  to  men  with  a  different  point  of 
view  to  call  the  attention  of  the  mathematical  world  from  the 
effects  of  a  collineation  back  to  the  properties  of  the  collinea- 
tion  itself. 

Lie's  Theory  of  the  Projective  Group.  About  the  year  1870 
there  appeared  upon  the  mathematical  stage  a  new  person- 
ality, Sophus  Lie,  from  the  land  of  Abel.  He  brought  with 
him  a  new  and  original  idea,  the  notion  of  a  continuous  group 
of  transformations.  Lie  broadened  and  deepened  the  al- 
ready existing  notions  of  a  transformation,  and  developed  a 
complete  theory  of  all  continuous  groups  of  transformations, 
a  thirty  years'  task.  Among  the  many  transformations 
studied  by  Lie  the  first,  the  simplest,  the  most  centrally 
situated,  and  the  most  far-reaching  in  its  theoretical  and 
practical  bearings,  are  projective  transformations  or  collinea- 
tions. 

Lie's  work  on  the  theory  of  collineations  was  both  syntheti- 
cal and  analytical ;  synthetical  in  its  earliest  conception  and 
announcement,  analytical  in  its  final  form  as  presented  to  the 
mathematical  world  in  the  books  published  in  his  later  years. 
Lie  throughout  kept  his  eye  fixed  on  the  properties  of  the 
collineation  itself  rather  than  on  the  effect  of  the  collineation 
on  certain  configurations  of  space.  But  it  is  evident  to  every 
careful  student  of  Lie's  theory  that  his  chief  interest  in  pro- 
jective transformations  was  in  their  group  properties,  and  not 
in  those  more  fundamental  properties  which  form  the  natural 
basis  for  a  classification  both  of  collineations  and  their  groups. 
But  after  all  is  said  the  most  important  and  most  interest- 
ing properties  of  collineations  are  their  group  properties;  and 
no  discussion  of  the  theory  of  collineations  is  full  and  sym- 
metrical which  fails  to  lay  the  major  stress  on  the  considera- 
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tion  of  the  collineation  groups.  Lie's  work  will  never  be  for- 
gotten ;  the  foundations  of  his  theory  of  projective  groups  are 
laid  on  the  eternal  rocks  of  truth ;  yet  his  is  by  no  means  the 
final  word  on  this  subject.  His  results,  barring  a  few  errors, 
will  stand,  but  many  of  his  methods  will  probably  be  dis- 
carded for  others  more  direct  and  incisive.  In  the  next  sec- 
cion  I  shall  endeavor  to  show  wherein  Lie's  methods  fall  short 
of  telling  us  the  whole  truth. 

Grassmann's  Ausdehungslehre.  In  1844  Hermann  Grass- 
mann  published  his  Ausdehungslehre,  or  Calculus  of  Exten- 
sion. A  second  edition,  or  rather  a  second  presentation  of 
the  same  subject,  was  published  by  him  in  1862.  The  method 
of  the  Calculus  of  Extension  was  not  applied  directly  by 
Grassmann  to  the  theory  of  collineations,  but  it  is  capable  of 
application  to  some  phases  of  the  subject.  For  example,  by 
this  method  the  various  types  of  collineations  in  ordinary 
space  have  been  determined.  On  this  point  see  the  reference 
in  the  next  section.  Although  the  contributions  of  Grass- 
mann's theory  to  the  theory  of  collineations  have  been  rela- 
tively small,  they  are  sufficient  to  warrant  the  mention  of 
this  method  among  the  analytic  methods  of  treating  collinea- 
tions. 

Hamilton's  Quaternion  Calculus.  The  quaternion  cal- 
culus invented  by  Sir  William  R.  Hamilton,  and  published 
by  him  in  his  Lectures  on  Quaternions  in  1844,  is  an  algebra 
founded  on  a  complex  number  system  of  four  units.  It  has 
been  successfully  applied  by  its  founder  and  his  followers 
to  many  problems  in  geometry  and  physics.  One  of  its 
valuable  applications  is  to  the  theory  of  homogeneous  strains. 
A  homogeneous  strain  is  by  definition  a  collineation  in  ordi- 
nary space;  a  very  special  kind  of  collineation  to  be  sure, 
viz.,  one  which  leaves  the  plane  at  infinity  invariant,  but 
nevertheless  a  true  collineation.  However,  the  quaternion 
calculus  has  not  been  extensively  applied  to  the  theory  of 
collineations  in  ordinary  space,  probably  because  it  has  not 
been  found  to  be  a  suitable  instrument  for  the  purpose. 

( 'ayley's  Theory  of  Matrices.     We  mention  next  an  analy- 
tic   method    whose    most    natural    and    obvious    geometrical 
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application  is  to  the  theory  of  collineations.  I  refer  to  Cayley's 
theory  of  matrices.  This  theory  was  set  forth  in  his  memoir 
on  this  subject  in  1858.  This  subject  has  never  become  a 
popular  one  among  mathematicians  in  the  sense  that  it  has 
attracted  a  large  number  of  independent  investigators.  It 
did  not  lead  its  founder  to  the  general  theory  of  eollineation 
groups,  although  it  has  contributed  largely,  through  the  labors 
of  Frobenius  and  others,  to  some  phases  of  group  theory. 

Von  Staudt's  Geometrie  der  Lage.  All  the  mathematical 
theories  so  far  mentioned  bearing  on  the  theory  of  collinea- 
tions have  been  analytic  methods.  We  have  yet  to  mention  the 
leading  methods  and  names  connected  with  the  development  of 
pure  synthetic  geometry.  The  thought  calls  up  in  every  mind 
the  names  of  Monge,  Poncelet,  Steiner,  Charles,  Von  Staudt. 
These  are  the  great  names  in  projective  geometry,  and  each  is 
associated  with  a  special  phase  of  its  development.  I  wish 
however,  to  call  your  attention  in  particular  to  one  of  these 
men 'and  his  work.  Whoever  would  acquire  a  knowledge  of 
projective  geometry  in  its  purest  and  most  rigorous  form 
must  spend  his  days  and  nights  with  Yon  Staudt.  In  his 
Geometric  der  Lage,  Nuremberg,  1847-60,  Von  Staudt  laid 
the  foundations  of  pure  projective  geometry  in  a  form  in, 
dependent  of  the  assumptions  of  measurement,  mechanics- 
or  congruence,  and  without  quantitative  notions  of  any  sort. 
He  distinguishes  sharply  between  Geometrie  der  Lage  and 
Geometrie  des  Masses.  Pure  projective  geometry  and  the 
theory  of  collineations  may  be  considered  in  a  certain  sense 
as  mutually  inclusive  sciences.  My  conception  of  the  dis- 
tinction between  them  is  expressed  by  saying  that  projective 
geometry  deals  chiefly  with  the  projective  properties  of 
figures,  while  the  theory  of  collineations  considers  especially 
the  properties  of  the  projection  itself.  Some  of  Von  Staudt's 
contributions  to  the  latter  theory  are  given  in  the  next  section. 

S  4.   Types  of  Collixeatioxs. 

Every  eollineation  in  space  of  any  number  of  dimensions 
has  one   or  more  self-corresponding  points,  lines  or  planes. 
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These  self-corresponding  elements  make  up  the  invariant 
figure  of  the  collineation,  and  the  fundamental  properties  of 
collineation  which  serve  as  a  basis  for  a  proper  classification 
into  types  are  dependent  upon  their  invariant  figures.  In 
the  past  mathematicians  were  slow  in  recognizing  the  exist- 
ence and  importance  of  the  different  types  of  collineations. 
but  in  recent  years  they  have  received  fuller  recognition. 

Von  Staudt  was  the  first,  so  far  as  I  have  been  able  to  as- 
certain, to  recognize  and  enumerate  the  various  types  of 
collineations  in  space  of  one,  two,  and  three  dimensions. 
Many  others  since  his  time  have  made  the  same  enumeration 
by  different  methods  and  for  different  purposes.  It  is  in- 
teresting to  note  the  various  solutions  of  this  problem  and 
the  various  methods  employed.  In  his  Geometric  tier  Lage  of 
1847,  page  55,  Von  Staudt  shows  that  a  one-dimensional  pro- 
jective transformation  leaves  two  elements  invariant;  the 
special  case  where  these  two  elements  coincide  is  not  noted 
here.  But  in  his  Beitrage  zur  Geometric  der  Lage  of  1856, 
page  146,  we  find  it  explicitly  stated  that  two  projective 
ranges  on  the  same  base  have  one,  two  or  all  of  these  elements 
in  common,  i.  c,  any  one-dimensional  collineation,  not  an 
identical  collineation,  has  either  one  or  two  elements  invariant. 
This  fact  has  long  since  become  a  commonplace  of  projective 
geometry. 

In  regard  to  the  various  types  of  collineations  in  the  plane, 
we  find  on  page  187  of  the  same  Beitrage  that  Von  Staudt  dis- 
tinguishes between  the  perspective  and  the  non-perspective 
collineations,  and  shows  that  the  latter  leave  invariant,  1st, 
either  three  points  and  three  lines  forming  a  triangle;  or  2d, 
two  points  and  two  lines  through  the  two  points;  or  3d,  one 
point  and  one  line  through  it  forming  a  lineal  element.  The 
perspective  collineations  of  the  plane  are  two  in  kind,  i.  e., 
the  vertex  is  either  on  or  off  the  axis  of  the  collineation.  Von 
Staudt  thus  recognized  in  1856  the  five  well-known  types  of 
plane  collineations. 

Four  years  later,  in  the  third  Beitrage  zur  Geometric  der 
Lage,  §  35,  we  find  the  first  enumeration  and  characterization 
of  the  thirteen  types  of  collineations  in  space  of  three  dimen- 
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sions.  Each  of  these  types  is  characterized  by  its  invariant 
figure.  The  characteristic  invariant  figures  of  these  differ- 
ent types  are  shown  in  the  accompanying  plates.  Througk 
the  rest  of  his  treatise  Von  Staudt  makes  but  little  explicit  use 
of  his  discovery  of  these  types.  It  is  true  they  are  not  of 
great  importance  to  him  because  of  the  nature  of  the  problems 
with  which  he  concerned  himself;  but  for  the  theory  of  col- 
lineations  of  to-day  they  are  of  prime  and  ever  increasing 
importance. 

Von  Staudt 's  determination  of  the  various  types  of  col- 
lineations  was  by  pure  synthetic  methods.  A  pure  analytic 
method  was  employed  by  Segre  some  years  later  to  solve  the 
same  problem.  Making  use  of  Weierstrass'  theory  of  the 
Elementariheiler  of  a  determinant  of  a  bilinear  form,  Segre  in  a 
paper  in  the  Rendiconti  di  Reale  Academia  dei  Lincei,  Tome 
XIX,  page  6,  1884,  made  a  classification  of  the  collineations 
in  space  of  n  dimensions.  I  have  not  been  able  to  consult  this 
paper,  and  have  only  seen  the  notice  of  it  in  the  Fortschritte 
der  Mathematik.  The  method  and  substance  of  Segre's  paper 
are  reproduced  by  Muth  in  his  Theorie  und  Anuendung  der 
Elementartheiler,  §17,  Leipzig,  1899.  On  pages  214-220  of 
his  book,  Muth  determines  the  types  of  collineations  in  one, 
two.  and  three  dimensions.  His  results  agree  with  those 
obtained  by  Von  Staudt.  Muth  gives  full  reference  and 
credit  to  Segre. 

Whitehead,  in  his  Universal  Algebra,  Cambridge  1897, 
pp.  316-346,  gives  a  chapter  on  Matrices  and  Forces  which 
is  devoted  to  linear  transformations  in  three  dimensions.  By 
means  of  Cay  ley's  theory  of  matrices  the  thirteen  types  of 
collineations  in  three  dimensions  are  described  and  classified. 
according  to  the  distribution  of  latent  and  semi-latent  regions. 
This  same  problem  has  also  been  solved  by  H.  Grassmann, 
the  younger,  by  means  of  the  Calculus  of  Extension.  His 
work  is  to  be  found  in  a  note  to  §§  377-390  of  the  Ausde 
hungslehre  of  1862,  Engel's  Edition. 

In  Lie's  Vorlesungen  ueber  Continuierliche  Gruppen,  Leip- 
zig, 1893,  pp.  65-67  and  pp.  510-512,  the  five  types  of  col- 
lineations in  the  plane  are  explicitly  shown ;  but  nowhere  in 
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this  work  or  in  his  Thcoric  der  Transformationsgruppen, 
Leipzig,  1888-93,  are  the  thirteen  types  of  collineations  in 
three  dimensions  enumerated  or  so  much  as  referred  to.  This 
is  certainly  a  strange  omission  on  Lie's  part,  for  it  is  not  prob- 
able that  he  was  at  this  time  unfamiliar  with  the  investiga- 
tions of  others  on  this  question.  However,  in  the  Leipziger 
Berichtc  for  March,  1895,  on  pages  210-21 1,  Lie  refers  to  a 
former  paper  of  his  in  the  Norwegian  Archives  for  Mathe- 
matik  for  1882,  in  which  he  has  shown  that  the  homogeneous 
transformations  in  three  variables  can  be  brought  to  fourteen 
canonical  forms.  These  include  the  identical  transformation 
and,  I  suppose,  the  remaining  canonical  forms  correspond  to 
the  thirteen  types  of  collineations  in  space — I  say  suppose 
for  I  have  not  been  able  to  consult  the  original  article.  If 
my  surmise  is  correct,  then  Lie  was  familiar  with  these  thir- 
teen types  in  1882. 

In  a  paper  published  in  the  Kansas  University  Quarterlv, 
Vol. VI,  pp.  63-70,  1897,  the  writer  of  this  report  also  deter- 
mined the  types  of  collineations  in  space  by  a  method  differ- 
ent from  any  previously  employed.  His  method  rests  on  the 
fundamental  principle  that  a  collineation  is  a  self-dualistic 
transformation  and,  hence,  the  invariant  figure  is  a  self- 
dualistic  figure.  It  is  easily  shown  that  the  most  general 
invariant  figure  is  a  tetrahedron,  which  is  evidentlv  a  self- 
dualistic  figure.  Only  such  modified  forms  of  the  tetrahedron, 
as  are  self-dualistic  can  be  invariant  figures  of  the  various 
special  types  of  collineations.  It  follows  without  difficulty 
that  there  are  twelve  and  only  twelve  such  special  forms ; 
hence  there  are  thirteen  possible  forms  left  invariant  by  a 
collineation,  and  corresponding  to  each  is  a  type  of  collinea- 
tion in  space.  At  the  time  of  the  publication  of  this  paper  I 
was  not  aware  that  the  problem  had  already  been  solved  by 
Von  Staudt  and  others. 

§  5.  A  Theory  of  Collineations. 

I  wish  now  to  sketch  in  brief  outline  a  geometric  theory 
of  collineations  which  is  based  directly  upon  the  properties 
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of  the  various  types  of  collineations  in  one,  two,  and  three 
dimensions. 

One  Dimension.  A  one-dimensional  eollineation  of  points 
on  a  line,  as  stated  above,  leaves  invariant  in  the  most  general 
ease  two  points,  A  and  B;  and  the  cross  ratio  of  any  four 
points  is  equal  to  that  of  their  four  corresponding  points.  If 
(P,  I\).  (Q,  Qi),  (R,  Ri),  etc.,  arepairs]of  corresponding  points 
then  (AlU'i J)        (ABP.QA  whence 

AP     BQ     Aft     BQ,  .  AP    BP,      AQ     BQ, 

BP  '  AQ  ~  BP,  "  AQ, ' '  BP  '  AP,  ~  BQ  '  AQ,  ' 

i.  c,  (ABPP,)  =  {ABQQ,)  =  (ABRRA  =  k. 

Thus  in  a  given  eollineation  the  cross  ratio  of  the  invariant 
points  and  a  pair  of  corresponding  points  is  a  constant  for  all 
pairs  of  corresponding  points.  This  cross  ratio  k  is  the 
characteristic  constant  of  the  eollineation.  A  one-dimen- 
sional eollineation  of  the  points  on  a  line,  which  has  only 
one  invariant  point,  is  characterized  by  a  constant  that  is  not 
a  cross  ratio.  This  case  in  which  the  two  invariant  points 
coincide,  may  be  regarded  as  a  limiting  case  of  the 
above.     From  (ABPP,)  =  k  we  get  (APBPA  =  i  —  k;  whence 

_L  ' —  =  T  ~  .  But  k  —  i,  when  B  =A  ;  hence,  putting 
PB.AP,        AB  'F  s 

lim      i  —  k  .  i  i  TT 

R  —  4  a  d  =  ai  we  have  -j-p  —  -j-p  =  a.  Here  a  is  a  con- 
stant which  characterizes  this  kind  of  a  eollineation.  Two 
such  collineations  with  the  same  invariant  point  differ  only 
in  the  value  of  a. 

In  the  case  of  a  one-dimensional  transformation  of  a  pencil 
of  lines  (or  planes)  the  theory  is  the  same  as  in  the  general 
case,  except  that  we  have  the  cross  ratio  of  the  sines  of  four 
angles  instead  of  the  cross  ratio  of  four  segments.  Upon  the 
foundations  furnished  by  these  very  simple  properties  of 
one-dimensional  transformations,  and  by  making  use  of  our 
knowledge  of  the  various  types  of  collineations  in  higher 
dimensions,  it  is  possible  to  build  up  a  simple,  natural,  and 
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comprehensive  theory  of  collineations  in  the  plane  and  higher 
spaces. 

Two  Dimensions.  A  collineation  of  type  1  in  the  plane 
leaves  a  triangle  invariant.  Along  each  side  of  the  invariant 
triangle  is  a  one-dimensional  collineation  with  two  invariant 
points.  Each  of  these  one-dimensional  collineations  is 
characterized  by  a  cross  ratio;  but  of  these  three  cross  ratios 
only  two  are  independent.  Let  the  invariant  triangle  be 
ABC,  and  let  the  cross  ratios  of  the  one-dimensional  collinea- 
tions along  AB  and  AC  be  k  and  k' ,  respectively.  Two  plane 
collineations  with  the  same  invariant  triangle  .4  BC  differ  only 
in  the  values  of  k  and  k'.  All  properties  of  a  plane  collineation 
of  type  I  depend  upon  the  position  of  the  invariant  triangle 
and  the  properties  of  the  two  independent  one-dimensional 
collineations  along  two  of  its  invariant  lines. 

A  collineation  of  type  II  may  be  considered  as  the  limiting 
case  of  type  I  when  two  of  the  invariant  points  of  the  latter 
coincide.  In  this  case  the  invariant  triangle  reduces  to  the 
figure  ABl,  and  instead  of    the    cross    ratio    k'    along  /  we 

have   the   constant   «,    where   a  =  — - — _.     Upon   the 

C  =  A     AC  l 

two  constants  k  and  a  and  the  position  of  the  invariant  figure 

depend  all  the  properties  of  a  collineation  of  type  II. 

In  a  similar  manner  it  may  be  shown  that  a  plane  collinea- 
tion of  any  other  type  is  fully  characterized  by  its  invariant 
figure  and  one  or  more  one-dimensional  collineations  along 
the  invariant  lines  or  through  the  invariant  points  of  the 
invariant  figure.  The  complete  theory  of  plane  collineations 
follows  readily  from  the  complete  theory  of  one-dimensional 
collineations  and  a  knowledge  of  the  various  types  of  collinea- 
tions in  the  plane. 

Three  Dimensions.  Passing  now  to  the  consideration  of 
collineations  in  space  of  three  dimensions,  we  have  first  of  all 
the  above  mentioned  thirteen  types,  each  characterized  by 
its  invariant  figure.  Our  theory  of  collineations  in  space 
rests  upon  a  knowledge  of  these  thirteen  types,  and  of  the 
one  and  two  dimensional  collineations  along  the  invariant 
lines  and  in  the  invariant  planes  of  the  invariant  figures  of  the 
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space  collineation.  We  shall  next  illustrate  this  by  two  or 
three  examples  chosen  from  the  thirteen  types. 

A  collineation  in  space  of  type  I  leaves  invariant  a  tetra- 
hedron (A  BCD)  consisting  of  four  invariant  points,  four  in- 
variant planes,  and  six  invariant  lines.  Along  each  of  these 
invariant  lines,  the  edges  of  the  invariant  tetrahedron,  is  a 
one-dimensional  collineation  with  two  invariant  points,  each 
collineation  being  characterized  by  a  cross  ratio.  But  of  these 
six  cross  ratios  only  three  are  independent.  We  may  take 
for  the  three  independent  ones  those  along  the  edges  AB,  AC, 
AD,  meeting  in  A.  Let  these  cross  ratios  be  respectively 
k,  k' ',  k" .  The  position  of  the  tetrahedron  (ABCD)  and  the 
values  of  these  three  cross  ratios  completely  and  fully  deter- 
mine all  properties  of  a  collineation  of  type  I  in  space. 

In  a  similar  manner  a  space  collineation  of  type  II,  leaving 
invariant  the  figure  (ABCl)  is  characterized  by  the  constants 
fe,  k',  a,  which  are  the  constants  of  the  three  one-dimensional 
collineations  along  AB,  AC,  and  Al,  respectively.  The  plane 
collineation  in  the  invariant  plane  ABC  of  the  space  collinea- 
tion is  of  type  I,  while  in  the  invariant  planes  ABl  and  ACl 
they  are  of  type  II.  Two  space  collineations  of  type  II  with 
the  same  invariant  figure  differ  only  in  the  values  of  these  con- 
stants k,  k',  a. 

Again  a  space  collineation  of  type  VI,  whose  invariant 
figure  consists  of  two  points,  A  and  B,  the  line  I  joining  them, 
all  planes  through  /  and  all  points  on  a  line  /'  not  intersecting 
/,  is  characterized  by  two  independent  cross  ratios  k  and  k'. 
The  plane  collineations  in  each  invariant  plane  are  all  of  type 
1   and  all  exactly  alike. 

It  is  not  necessary  to  examine  in  detail  all  of  the  thirteen 
types;  it  is  sufficient  to  emphasize  the  fact  that  collineations 
of  different  types  have  very  different  properties,  and  that 
the  properties  of  a  collineation  of  any  type  are  determined  by 
its  invariant  figure  and  the  characteristic  constants  of  the 
one-dimensional  collineations  along  certain  of  its  invariant 
lines. 
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$j  6.  Group  Properties  of  Collineations. 

The  most  important  properties  of  collineations,  and  also 
those  properties  which  in  recent  times  have  attracted  most 
attention,  are  their  group  properties.  Lie  introduced  into 
mathematics  the  idea  of  a  continuous  group  of  transforma- 
tions, and  his  earliest  examples  were  groups  of  collineations. 
All  collineations  in  a  space  of  any  given  number  of  dimensions 
form  a  group.  Thus  the  effect  produced  on  the  elements  of 
any  space  by  two  collineations  acting  in  succession  may  also 
be  produced  by  a  single  collineation.  This  may  also  be  ex- 
pressed by  saying  that  the  resultant  of  any  two  component 
collineations  is  a  collineation.  Every  system  of  collineations 
having  this  property  constitutes  a  group,  and  the  investiga- 
tion and  classification  of  the  various  groups  of  collineations 
is  one  of  the  living  problems  of  to-day. 

Fundamental  Groups.  To  every  type  of  collineation  in  any 
number  of  dimensions  belongs  a  certain  group,  called  its 
fundamental  group.  This  is  composed  of  the  totality  of 
collineations  of  that  type  which  leave  invariant  the  character- 
istic invariant  figure  of  that  type.  Thus  in  one  dimension 
there  is  two  fundamental  groups,  viz:  Gx  {A A')  and  Gx  (A). 
The  first  is  composed  of  all  the  collineations,  necessarily  of 
type  I,  which  leave  a  pair  of  points  invariant;  and  the  second 
is  composed  of  all  collineations  of  type  II  which  leave  a  single 
point  invariant .  The  natural  parameter  of  the  group  Gx  (A  A') 
is  the  characteristic  cross  ratio  k;  that  of  the  group  Gx  (A) 
is  the  characteristic  constant  «.  In  the  group  Gx  (A A')  the 
cross  ratio  of  the  resultant  of  two  collineations  equals  the 
product  of  the  cross  ratios  of  the  components;  thus  kt  =  kkx. 
In  the  group  Gx  (A)  the  constant  of  the  resultant  of  two  col- 
lineations equals  the  sum  of  the  constants  of  the  components ; 
thus  a  —  a  +  «i. 

In  the  plane  there  are  five  fundamental  groups  of  collinea- 
tions, one  for  each  type. 

The  invariant  figure  of  a  collineation  of  type  I  is  a  triangle 
ABC,  and  the  aggregate  of  all  collineations  with  the  same  in- 
variant figure  forms  the  fundamental  group  of  type  I.     Two 
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such  collineations  differ  only  in  the  values  of  k  and  k' .  This 
is  a  group  of  two  parameters,  viz.,  k  and  k'.  The  law  of  com- 
bination of  parameters  in  this  group  is  expressed  by  kt  =  kklt 
and  k'i  =  k'k\:  the  symbol  for  the  group  is  G%  (ABC). 

Leaving  invariant  the  figure  ABl  there  are  oo  collinea- 
tions of  type  II,  two  of  which  differ  only  in  the  values  of  k 
and  a.  This  system  of  collineations  forms  the  two-param- 
eter fundamental  group  G2  (ABl),  the  parameters  being  k 
and  a.  The  resultant  of  two  collineations  of  this  group  whose 
constants  are  (k,  a)  and  (ku  a,),  respectively,  has  for  its 
constants  (k2,  «2),  where  k2  =  kk  ,  and  a2  =  a  +  a1# 

In  like  manner  each  of  the  types  III,  IV,  and  V  has  its  funda- 
mental group;  that  of  type  III  is  a  three-parameter  group 
G3  (Al),  that  of  type  IV  is  a  one-parameter  group  GY  (A,  I), 
that  of  type  V  is  a  one-parameter  group  Gx  (Al). 

Two  illustrations  of  fundamental  groups  of  collineations  in 
space  will  suffice  for  the  purposes  of  this  paper,  and  we  select 
types  I  and  VII.  A  collineation  of  type  I  leaves  invariant 
a  tetrahedron  ABCD,  and  is  characterized  by  three  cross 
ratios  k,  k',  k" .  Two  collineations  having  the  same  invariant 
tetrahedron  differ  only  in  the  values  of  these  cross  ratios. 
The  system  of  oo3  collineations  with  the  same  invariant 
tetrahedron  forms  a  continuous  group  of  three  parameters, 
viz.,  k,  k' ,  k" .  The  natural  parameters  of  this  fundamental 
group  £3  (ABCD),  obey  the  following  laws  of  combination: 

/to  A/fC j ,    /v    2  /2    /v   1,    rt      2  r&      fC      \, 

The  invariant  figure  of  type  VII  may  be  designated  by 
All' ,  where  p  is  the  invariant  plane  determined  by  the  in- 
variant point  A  and  the  line  of  invariant  points  /.  and  V  is  an 
invariant  line  through  A  not  in  the  plane  p.  A  collineation 
of  type  VII  leaving  AplV  invariant  is  determined  by  two  con- 
stants, k,  and  a.  a  is  the  constant  of  the  one-dimensional 
collineation  along  /,  and  k  is  the  cross  ratio  along  each  of  the 
invariant  lines  of  the  pencil  through  .4  in  the  plane  p.  Two 
collineations  of  type  VII  with  the  same  invariant  figure  differ 
only  in  the  values  of  k  and  «.  The  system  of  00  collinea- 
tions of  this  type  leaving  AplV  invariant  form  a  two-parameter 
group  G7  (AplV)  the  natural  parameters  being  k  and  a.     It 
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should  be  observed  that  all  planes  through  the  line  /  are  in- 
variant planes,  and  in  each  of  them  we  have  a  two-parameter 
group  gf  plane  collineation  of  type  II.  The  determination 
of  the  fundamental  group  for  each  of  the  other  eleven  types 
of  collineations  in  space  presents  no  special  difficulty. 

Stib-groups  of  Fundamental  Groups.  Each  fundamental 
group  'which  depends  upon  more  than  one  parameter  breaks 
up  in  a  characteristic  way  into  sub-groups.  Thus,  for  ex- 
ample, the  fundamental  group  G,  (ABC)  of  type  I  in  the  plane 
breaks  up  into  sub-groups  in  this  way:  The  infinite  system 
of  collineations  in  G2  (ABC)  for  which  the  two  cross  ratios  k 
and  k'  satisfy  the  relation  k'  =  kc,  where  c  is  a  constant,  forms 
a  one-parameter  sub-group ;  the  parameter  is  k  and  there  is  a 
sub-group  for  each  value  of  c.  As  another  example  the  funda- 
mental group  G2  (AplU)  of  type  VII  in  space  breaks  up  into 
one-parameter  sub-groups  as  follows:  Take  from  G2  (AplV) 
the  infinite  number  of  collineations  for  each  of  which' the  con- 
stants k  and  a  satisfy  the  relation  k  =  aa,  where  a  is  a  con- 
stant ;  these  form  a  group  C,  (Apll)a  of  one-parameter.  Other 
examples  of  the  sub-groups  of  fundamental  groups  might  be 
added  did  time  permit.  Each  example  would  require  sepa- 
rate examination. 

Composite  Groups.  Having  determined  the  fundamental 
group  and  its  sub-groups  for  each  type  of  collineation  in  space 
of  any  number  of  dimensions,  it  becomes  an  easy  task  to 
build  up  all  groups  of  higher  orders  from  these  groups  already 
found.  For  example,  let  us  consider  the  groups  of  higher 
order  which  can  be  built  up  out  of  the  fundamental  group  G 
(ABC)  of  type  I.  We  shall  find  that  there  are  just  eight  figures 
in  the  plane  which  constitute  the  whole  or  a  part  of  a  triangle. 
These  are  the  triangle  ABC,  the  figure  ABl  composed  of 
two  points  and  two  lines,  the  figure  AB  composed  of  two  points 
and  their  joining  line,  the  figure  //'  composed  of  two  lines  and 
their  point  of  intersection,  the  figure  ^4,  /  composed  of  a  point 
and  line  separate,  a  lineal  element  -4/,  a  line  /,  and  a  point  .4. 
There  is  a  composite  group  corresponding  to  each  of  these 
figures.  They  are  designated  by  G2  (ABC),  G3  (ABl),  G+ 
(AB),  G4   (II),  G,  (A,  I),  Gs  (Al),  G6  (A),  G6  (I).     To  these 
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eight  groups  must  be  added  the  group  (z8  of  all  collineations 
in  the  plane.  These  groups  constitute  a  class  by  themselves 
and  are  called  the  groups  of  type  I  of  the  first  class- 

If  time  permitted  it  might  be  shown  that  five  of  these  nine 
groups  of  the  first  class  break  up  into  sub-groups  of  the  so- 
called  second  class,  just  as  the  group  G2  (ABC)  breaks  up 
into  sub-groups  Gx  (ABC)C.  These  five  groups  of  the  second 
class  are  Gx  (ABC)e,  Gt  (ABl)c,  G3  (AB)C,  Gs  (ll)c,  Gk  (Al\.  The 
other  four  groups  of  the  first  class  do  not  break  up  in  this 
way  into  sub-groups,  except  for  special  values  of  c.  These 
sub-groups  which  exist  for  special  values  of  c  constitute  the 
third  class  of  groups  of  type  I. 

In  space  of  three  dimensions  the  task  of  classifying  the 
groups  of  any  type  is  much  greater  because  of  the  larger 
number  of  groups.  Thus  there  are  thirty-two  figures  in 
space  which  constitute  the  whole  or  some  part  of  a  tetra- 
hedron ;  each  of  these  is  the  invariant  figure  of  a  group  of  the 
first  class  of  type  I  in  space.  There  are  thirteen  types  of 
collineations  in  space  and  each  type  has  from  one  to  five 
classes  of  groups;  thus  we  see  that  the  number  of  groups  of 
collineations  in  space  is  very  large.  My  own  unpublished  list 
of  these  groups,  which  is  yet  subject  to  revision,  shows  more 
than  five  hundred  varieties  against  forty-four  varieties  in 
space  of  two  dimensions. 

§  7.  Some  Recent  American  Work  on  Collineations. 

It  may  not  be  out  of  place  here  to  call  your  attention  to 
some  recent  American  work  on  the  subject  of  collineations, 
including  some  of  my  own. 

At  Yale  University  Professor  Smith  and  his  pupils  have 
successfully  attacked  the  question  of  the  resolution  of  col- 
lineations into  simpler  ones.  Making  use  of  a  theorem  of 
Wiener,  that  every  displacement  in  ordinary  space  is  the  re- 
sultant of  two  line  reflections  (involutoric  collineations  of  type 
X),  simplified  proofs  have  been  given  by  Mr.  Gale  of  several 
theorems  of  Chasles  and  others  on  the  theory  of  displacements 
in  euclidian  space.     Miss  Ruth  Wood  has  further  shown  that 
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every  collineation  of  space  that  leaves  a  quadric  surface  in- 
variant can  be  resolved  into  two  involutoric  skew-perspective 
collineations  (of  type  X  in  my  notation).  She  proves  this 
for  each  of  the  six  (not  five)  types  of  collineations  contained 
in  the  group  C6  (F).  Interpreting  this  result  in  terms  of 
non-euclidian  geometry,  it  is  shown  that  every  displacement  in 
non-euclidian  space  is  the  resultant  of  two  skew-perspective 
line  reflections  on  conjugate  polars  of  the  absolute. 

At  Clark  University  Professor  Taber  and  his  pupils  have 
interested  themselves  in  the  problem  of  singular  transforma- 
tions in  otherwise  continuous  groups,  i.  <?.,  in  those  individual 
transforma  tions  which  cannot  be  generated  by  a  repetition 
of  an  infinitesimal  transformation  of  the  group.  A  flaw  in 
Lie's  proof  of  certain  fundamental  theorems  has  been  pointed 
out,  and  the  reason  for  the  existence  of  singular  transforma- 
tions made  clear  from  the  analytic  point  of  view.  The  applica- 
tion of  these  results  to  the  collineation  groups  of  the  plane 
and  space  shows  that  many  of  these  groups  are  continuous 
only  in  the  neighborhood  of  the  identical  transformation.  A 
discussion*  on  this  same  topic  from  the  synthetic  point  of 
view  has  recently  been  given  by  the  writer. 

At  the  University  of  Chicago  Professor  Dickson  has  been 
developing  the  theory  of  the  groups  of  linear  transformations 
whose  coefficients  belong  to  a  given  Galois  field.  His  methods 
and  results  hold  also  to  a  certain  extent  when  the  field  is  ex- 
tended to  the  field  of  all  complex  numbers.  In  this  case  the 
groups  which  he  discusses  become  continuous  groups  of  col- 
lineations. Prof.  Dickson's  results  are  of  wide  generality  and 
substantial  contributions  to  the  theory  in  n  dimensions. 

At  the  University  of  Kansas  the  writer  and  some  of  his 
pupils  have  been  engaged  in  developing  the  theory  of  col- 
lineations outlined  in  the  above  pages.  The  American  Journal 
of  Mathematics  for  April  last  contains  a  memoir  devoted  to 
the  application  of  this  theory  to  the  collineation  groups  of  the 
plane.  A  similar  investigation  of  the  same  problems  for 
three  dimensions  is  nearly  completed.  Three  papers  dealing 
with  the  fundamental  groups  and  their  sub-groups  for  types 

*  Amer.  Jour.  Math.,  vol.  xxiv,  p.  158. 
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I,  II,  III.  I V,  V,  in  space,  have  appeared  du  ing  the  last  year 
in  the  Kansas  University  Quarterly,  Vol.  X.  The  results 
contained  in  these  papers  prepare  the  way  for  a  complete 
enumeration  of  all  collineation  groups  in  space.  A  paper 
containing  a  classified  list  of  all  Lie  groups  of  collineations  in 
three  dimensions  will  be  presented  at  the  Evanston  meeting 
of  the  American  Mathematical  Society,  September  2  and  3. 
This  list  numbers  over  five  hundred  groups  classified  according 
to  their  types  and  classes  under  these  types. 

Miss  Helen  Brewster  has  undertaken  a  detailed  study  of  the 
group  of  collineations  leaving  invariant  a  surface  of  the 
second  order.  This  group  was  carefully  investigated  by  Lie 
in  his  "  Theorie  der  Transjormationsgruppcn"  Band  III.  On 
pages  251-4  he  gives  a  table  of  twenty-four  sub-groups  of  the 
group  G6  (F).  Miss  Brewster  has  classified  Lie's  list  accord- 
ing to  the  six  types  which  enter  into  the  group  G6  (F).  She 
has  also  determined  the  structure  of  each  sub-group,  and 
indicated  certain  ones  that  contain  singular  transformations. 
This  paper  will  also  be  presented  at  the  Evanston  meeting. 

§  7.  Conclusion. 

I  have  thus  sketched  for  you  in  broad  outlines  a  compre- 
hensive theory  of  collineations  and  their  Lie  groups.  To  fill 
in  all  of  the  details  is  impossible,  for  such  a  task  would  ex- 
pand this  report  of  an  hour  into  an  extensive  course  of  lectures 
running  through  one  or  more  semesters  of  the  usual  college 
year.  The  march  of  the  theory  is  along  a  highway  as  broad 
and  straight  as  the  traditional  theological  one  "which  leadeth 
to  destruction;"  but  with  this  difference  that  few  there  be 
that  walk  therein,  at  least  for  the  present.  So  straight  and 
level  is  the  path  that  the  end  can  be  seen  almost  from  the  begin- 
ning. There  are  few  pitfalls  or  stumbling  blocks  in  the  way, 
and  no  roaring  lions  seeking  whom  they  may  devour. 

The  theory  is  complete  in  outlines,  but  many  of  the  details 
have  not  yet  been  worked  out.  While  much  has  been  done 
much  still  remains  to  do.  A  large  share  of  my  own  mathe- 
matical endeavor  has  been  spent  in  laying  the  foundation 
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and  rearing  the  walls  of  the  superstructure.  It  is  a  self-im- 
posed task,  but  one  which  I  cannot  rid  myself  of,  if  I  would. 
However  inviting  other  fields  of  mathematical  study  may  be, 
I  cannot  desert  my  own.  To  this  end  was  I  born,  so  it  seems, 
and  for  this  came  I  into  the  world  that  a  geometrical  theory 
of  collineations  might  be  established  and  made  so  simple  that 
it  can  be  understood  by  Hilbert's  "man  on  the  street." 

To  accomplish  such  a  task  is  well-nigh  impossible,  but  to 
strive  for  it  earnestly  is  possible  to  every  man  who  has 
tasted  of  the  scientific  spirit  and  thus  come  to  know  that 
the  striving  is  its  own  reward  and  that  the  measure  of  success 
or  failure  attained  thereby  is  merely  a  by-product  of  the 
process. 
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